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CHAPTER    I. 

8meaton*s  Boyhood  and  Education.  . 

The  engineer  of  the  Eddystone  Lighthouse  was  Brindley's 
junior  by  only  eight  years.  They  frequently  met  in 
ocHwultation  upon  impoi-tant  engineering  undertakings ; 
aometimes  Smeaton  advising  that  Brindley  should  be 
called  in,  and  Brindley,  on  his  part,  recommending 
Smeaton.  They  were,  in  fact,  during  their  lifetime,  the 
leading  men  in  their  profession ;  and  at  Brindley's 
death  Smeaton  succeeded  to  much  of  his  business  as 
consulting  engineer  in  connection  with  the  constiniction 
of  canals  and  of  public  works  generally. 

Smeaton  had  the  great  advantage  over  Brindley  of  a 
good  education  and  bringing  up.  He  had  not,  like  the 
Macclesfield  millwright,  to  force  his  way  up  through  the 
obstructions  of  poverty,  toil,  and  parental  neglect ;  but 
was  led  gently  by  the  hand  from  his  earliest  years,  and 
i-arefully  trained  and  cultured  after  the  l)est  methods 
then  known.  But  Smeaton,  not  less  than  Brindley, 
wjis  inn)elled  to  the  professional  career  on  which  he 
entered  by  a  like  innate  genius  for  construction  which 
displayed  itself  at  a  very  early  age;  and,  being  per- 
mittee! to  follow  his  own  l>ent,  his  force  of  character  and 
Htrong  natural  abilitv,  diligentlv  cultivated  l)y  study  and 

i;'2 


4  SMEATON'S  BOYHOOD  AND  EDUCATION.        Part  VI. 

experience,  eventually  carried  him  to  the  very  highest 
eminence  as  an  engineer. 

Jolm  Smeaton  was  born  at  Austhorpe  Lodge,  near 
Leeds,   on    the    8th   of  Jmie,    1724,  his  father   being 


SMEA.TONS   NATIVL   DlSTliKT      [utJnanc-a  Survey.] 

a  respectable  attorney  practising  in  that  town.  The 
house  in  which  the  future  engineer  was  born  was  built 
by  his  grandfather  Jolm  Smeaton,  who  is  described  on 
the  tablet  to  his  memory  erected  in  tlie  neighbouring 
parisli  churcli  of  Whitkirk,  as  "  late  of  York."  Leeds 
was  then  a  place  of  small  importance,  compared  with 
what  it  now  is.  The  principal  streets  were  tliose  still 
known  as  Briggate,  leading  to  tlie  bridge ;  Kirkgate, 
leading  to  tlie  parish  churcli ;  and  Swinegate,  leading  to 
tlie  old  castle.  Beyond  those  streets  there  lay  a  wide 
extent  of  open  fields.  Boar  Lane,  now  nearly  the  centre 
of  the  town,  was  a  kind  of  airy  suburb,  in  which  the 
principal  merchants  resided  ;  and  the  back  of  the  houses 
in  the  upj>er  part  of  Briggate,  now  the  main  street, 
looked  into  the  country,^  or  "  the  Park,"  on  which  Park 
Scjuare,  Park  How,  and  Park  Lane  (now  containing  the 
j)rincipal  architectural  ornament  of  the  jjlace,  the  new 
Town  Hall),  have  since  been  built.  There  were  also  green 
fields,  with  pleasant  footpaths,  between  the  parisli  church 


'  Wliitaker's  Tliorcsby,  *  L<:»idis  and  Kliuet<»/  \\  S\). 
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and  tho  river  side,  throuj^h  certain  gardens,  then,  as 
now,  named  "  The  Calls,"  but  gardens  no  longer. 

The  clothing  trade  of  the  town  was  then  so  small  that 
the  cloth  market  wa.s  held  in  the  open  air  upon  the 
bridge,  where  the  cloth  was  exposed  for  st\le  on  the 
parapets.  The  homely  entertainment  of  the  clothiers 
at  that  day  was  a  "  brigend  shot,"  consisting  of  a 
noggin  of  porridge  and  a  pot  of  ale,  followed  by  a 
twopenny  trencher  of  meat.  Down  to  the  year  1730, 
the  bridge  was  so  narrow  that  only  one  cart  could  pass 
over  it  at  a  time.  But  the  numl)er  of  wheeled  vehicles 
then  in  use  was  so  small  that  the  inconvenience  was 
scarcely  felt.  The  whole  of  the  cloth  was  brought  to 
market  on  men's  and  horses'  backs.*  Coals  were  in  like 
manner  carried  from  the  pits  on  horseback,  the  stated 
weight  of  a  "  horse-pack  "  l)eing  eighteen  stone,  or  equal 
to  two  hundredweight  and  a  quarter.*  In  the  rural 
districts  of  Yorkshire  manure  was  also  carried  Ji-field  on 
horses'  backs,  and  sometimes  on  women's  backs,  while 
the  men  sat  at  home  knitting.^  The  cloth-packs  were 
carried  by  the  "bell-horses,"  or  pack-horses;  find  this 
moile  of  conveyance  continued  mitil  towards  the  end  of 
Ia8t  century.  Scatcherd  says  the  pack-horses  only  ceased 
to  travel  about  the  year  1794. 

The  Leeds  men,  it  seems,  were  not  considered  so 
** quick"  as  those  of  Bradford,  then  a  much  smaller 
place  and  comparatively  of  the  dimensions  of  a  village ; 
and  it  was  long  before  they  pro\nded  themselves  with  a 


*  Tliis  is  clear  from  an  alhisicm  at  Ne\v«i«tle,  "  all  the  coals  that  were 
maiie  by  'Hiorfsby  to  aii  Act  ]Nu»tHl  cnrrie*!  iU)\vii  to  the  shijis  must  have 
in  1714,  R'pilatiii;^  the  manufacture  Ihhmi  conveye*!  on  hornivH'  liacks.'* 
of  bnvui-clolh,  hy  which  the  lenj^th  Wliat  wim  callcil  **  a  lx>wl  of  txxils," 
wan  incTvaMCii  Inun  four  or  six-and-  was  reckoue*!  a  honH'-ltKyl  ;  and  in 
twenty  to  sixty  and  even  wventy  Yorkshin*  (whea*  tlie  first  waj;^on- 
TAnlft,  **  to  the  ^ireat  oppression,*"  sjiys  way  was  laid  witliin  Snicjiton's  reeol- 
Th«»n»hy,  "  Uith  of  man  an<l  lieast  lection)  the  l«>a<l  of  cojils  and  the 
in  t^rriai^e."  "  horsi'-jMick  '*    were    rea*lily    sulisti- 

*  SriM-atrm  H  *  Report**,'  vol.  iii.,  j).  tuto«l  the  one  for  the  other. 

410.     Mr.  Smeaton  says  that  liefore  '    Hrockett's    *(flo«war>'   of    North 

the  invention  of  rail  or  wa^^on  roads  Country  Wonls.'     Ncwciistle,  ISlio. 
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proper  market  for  their  cloth,  first  on  Mill  Hill,  and 
afterwards  in  the  Calls;  finally,  in  1757,  erecting  a 
large  hall  for  the  markets  in  the  Parks,  which  is  now 
known  as  the  Coloured  Cloth  Hall.  But  even  then  the 
place  remained  comparatively  rural  in  point  of  size  and 
surroundings. 


<!••   T.bkn.S,    FAKLY    PAIl  V    OK   IBTH    Cb.N'Tr  RT.  I 


Smcaton  was  greatly  favoured  in  his  home  and  his 
family.  He  received  his  first  education  at  his  mother's 
knees,  and  when  not  occupied  with  his  lessons  he  led  the 
life  of  a  liealthy,  happy  country  boy.  Austliorpe  was 
then  quite  in  tlie  country,  the  only  houses  in  the  neigh- 
bourhood being  those  of  the  little  liamlet  of  Wliitkirk, 
with  the  lai'ge  old  mansion  of  Temple  Newsam,  sur- 
rounded by  its  noble  park  and  woods,  close  at  hand. 
Young  Smeaton  was  not  much  given  to  boyish  sports, 
early  displaying  a  thoughtfulness  beyond  his  years. 
Most  children  are  naturally  fond  of  building  up  minia- 
ture fabrics,  and  perhaps  still  more  so  of  pulling  them 
down.  But  the  little  Smeaton  seemed  to  have  a  more 
than  ordinary  love  of  contrivance,  and  that  mainly  for 


'  The  principal  buildings  sliown  in 
the  above  view  of  Leeds,  about  the 
time  when  •Snieatr)n  was  bom,  are  the 


Parish  Church  (dcscrilxxl  by  Thoresby 
as  "  black,  but  comely  "),  St.  John's 
Church,  and  Call  Lane  Chapel. 
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its  own  sake.  He  was  never  so  happy  as  when  put  in 
possession  of  any  cutting-tool,  by  which  he  could  make 
his  little  imitations  of  houses,  pumps,  and  windmills. 
Even  whilst  a  boy  in  petticoats  he  was  continually 
dividing  circles  and  squares,  and  the  only  playthings  in 
which  he  seemed  to  take  any  real  pleasure  were  his 
models  of  things  that  would  "  work."  When  any  car- 
penters or  masons  were  employed  in  the  neighbour- 
hood of  his  father's  house,  the  inquisitive  boy  was  sure 
to  be  amongst  them,  watching  the  men,  observing  how 
they  handled  their  tools,  and  frequently  asking  them 
questions.  His  life-long  friend,  Mr.  Holmes,^  who  knew 
him  in  his  youth,  has  related  that  having  one  day 
observed  some  millwrights  at  work,  shortly  after,  to  the 
great  alarm  of  his  family,  he  was  seen  fixing  some- 
thing like  a  windmill  on  the  top  of  his  father's  barn. 
On  another  occasion,  when  watching  some  workmen 
fixing  a  pump  in  the  village,  he  was  so  lucky  as  to  pro- 
cure from  them  a  piece  of  bored  pipe,  which  he  succeeded 
in  fashioning  into  a  working  pump  that  actually  raised 
water.  His  odd  cleverness,  however,  does  not  seem  to 
have  Ijeen  a])preciated ;  and  it  is  told  of  him  that 
amongst  the  other  boys  he  was  known  as  "  Fooely 
Sineat4m ;"  for,  though  forward  enough  in  putting  ques- 
tions to  the  workjKiople,  amongst  boys  of  his  own  age 
lie  wj^s  remarkably  shy,  and,  as  they  thought,  stupid. 

At  a  projKir  age  the  boy  was  sent  to  school  at  Leeds. 
That  town  then  possessed,  as  it  still  does,  the  great 
advantiige  of  an  excellent  free  grammar  school,  founded 
by  the  l)ene factions  of  Catholics  in  early  times,  after- 
wards greatly  augmented  by  the  endowment  of  one 
John  Harrison,  a  native  of  the  towni,  about  the  j)eriod  of 

»    An   finineiit    tl<»ck    aiui    wjitdi-  F.H.S./  j.ublislHil  in   1703,  contains 

iiwkfT    in    thf     Strantl,     aftorwanin  the  pst  of  nearly  all  tlie  notices  of 

Snv-atonV    jinrtner    in    the    I>e|»tI'or(l  SmeatonV  lite  whieh  have  since  IxM'n 

VVat/'rworks.     Hih  *  Short   Narrative  published;    but  it   is  a  very  raeaj?re 

of  the  (ienius  Lite,  and  Works  of  account  of  only  a  few  images  in  length. 
the    Ute    Mr.   .Tc»hn   Smeatun,   C.K., 
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the  Reformation.  At  this  school  Smeaton  is  supposed 
to  have  received  the  best  part  of  his  scliool  instruction, 
and  it  is  said  that  his  progress  in  geometry  and  arith- 
metic was  very  decided ;  but,  as  before,  the  cliief  part 
of  his  education  was  conducted  at  home,  amongst  his 
tools  and  his  model  machines.  There  he  was  inces- 
santly busy  whenever  he  had  a  spare  moment.  Indeed, 
liis  mechanical  ingenuity  sometimes  led  him  to  play 
tricks  which  involved  him  in  trouble.  Thus,  it  hap- 
pened that  some  mechanics  came  into  the  neighbour- 
liood  to  erect  a  "  fire-engine,"  as  the  steam-engine  was 
then  called,  for  the  purpose  of  pumping  water  from  the 
Garforth  coal-mines ;  and  Smeaton  made  daily  visits  to 
them  for  the  purpose  of  watehing  their  operations. 
Carefully  observing  their  methods,  he  proceeded  to 
make  a  miniature  engine  at  home,  provided  with 
pumps  and  other  apparatus,  and  he  even  succeeded 
in  getting  it  set  to  work  before  the  colliery  engine 
was  ready.  He  first  tried  its  powders  upon  one  of  the 
fisli-ponds  in  front  of  tlie  house  at  Austhorpe,  which  he 
succeeded  in  very  soon  pumping  completely  dry,  and  so 
killed  all  the  fish  in  it,  very  much  to  the  surprise  as 
well  as  annoyance  of  his  father.  But  the  latter  seems, 
on  the  whole,  to  have  been  very  indulgent,  for  he 
provided  the  boy  with  a  workshop  in  an  outhouse, 
where  he  hammered,  filed,  and  chiselled  away  very 
much  to  his  heart's  content.  Working  on  in  this  way, 
by  the  time  he  had  arrived  at  his  fifteenth  year,  young 
Smeaton  had  contrived  to  make  a  turning-lathe,  on 
which  he  turned  wood  and  ivory,  and  he  delighted  in 
making  presents  of  little  boxes  and  other  articles  to  his 
friends.  He  also  learned  to  work  in  metals,  which  he 
fused  and  forged  himself,  and  by  the  age  of  eighteen  he 
could  handle  his  tools  with  the  exj:)ertness  of  any  regular 
smith  or  joiner. 

"In  the  year  1742,"  says  his  friend,  Mr.  Holmes,  "I 
si)ent  a  month  at  his  father's  house  ;  and  being  intended 
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myself  for  a  mechanical  employment,  and  a  few  years 
yoimger  than  he  was,  I  could  not  but  view  his  works 
with  astonishment.  He  forged  his  iron  and  steel,  and 
melted  his  metal.  He  had  tools  of  every  sort  for  working 
in  wood,  ivory,  and  metals.  He  had  made  a  lathe,  by 
whidi  he  cut  a  perpetual  screw  in  brass, — a  thing  little 
known  at  that  day,  and  which,  I  believe,  was  the  inven- 
tion of  Mr.  Henry  Hindley,  of  York,  with  whom  I 
sened  my  apprenticeship.  Mr.  Hindley  was  a  man  of 
the  most  communicative  disposition,  a  great  lover  of 
meclianics,  and  of  the  most  fertile  genius.  Mr.  Smeaton 
soon  became  acquainted  with  him,  and  spent  many  a 
u\}:^ht  at  Mr.  Hindley's  house  till  daylight,  conversing 
on  these  subjects." 


\    :* 
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CHAPTER   11. 

Smeaton  learns  the  Trade  of  Mathematical  Instrument 

Maker. 

Young  Smeaton  left  school  in  his  sixteenth  year,  and 
from  that  time  he  was  emj^loyed  in  his  father's  office, 
copying  legal  documents,  and  passing  through  the 
necessary  preliminary  training  to  fit  him  to  follow  the 
profession  of  an  attorney.  Mr.  Smeaton,  having  a  good 
connection  in  his  native  town,  naturally  desired  that  his 
only  son  should  succeed  him.  But  the  youth  took  no 
pleasure  in  the  law  :  his  heart  was  in  his  workshop 
amongst  his  tools ;  and  though  he  mechanically  travelled 
to  the  office  daily,  worked  assiduously  at  his  desk,  and 
then  travelled  l)ack  again  to  Austhorpe,  he  more  and 
more  felt  the  irksomeness  of  his  intended  vocation. 
Partly  to  wean  him  from  his  mechanical  pursuits  at 
home,  which  often  engrossed  his  attention  half  the  night, 
and  partly  to  give  him  the  best  legal  education  which  it 
was  in  his  power  to  bestow%  Mr.  Smeaton  sent  his  son 
to  London  towards  the  end  of  the  year  1742,  and  for 
a  short  time  he  occupied  himself,  in  conformity  with  his 
parent's  wishes,  in  attending  the  Courts  in  Westminster 
Hall.  But  at  length  he  could  not  repress  his  strong 
desire  to  follow  some  mechanical  occupation,  and  in  a 
strong  but  respectful  memorial  to  his  father,  he  fiilly  set 
forth  his  views  as  to  the  calling  which  he  wished  to 
pursue  in  preference  to  that  of  the  law. 

The  fother's  heart  was  touched,  and  probably  also  his 
good  sense  was  influenced,  by  the  son's  earnest  appeal; 
and  he  wrote  back,  giving  his  assent,  though  not  with- 
out his  strong  expression  of  regret  as  to  the  course  which 
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his  son  desired  to  adopt.  No  doubt  he  thought  that  by 
^ving  up  the  position  of  a  member  of  a  learned  and 
lucrative  profession,  and  descending  to  the  level  of  a 
mechanical  workman,  his  son  was  performing  an  act  of 
great  folly,  for  there  was  no  such  thing  then  as  the  pro- 
fession of  a  civil  engineer.  Almost  the  only  mecha- 
nical work  of  importance  done  at  that  time  was  executed 
by  millwrights  and  others,  at  labourers'  wages,  as  we 
have  already  seen  in  the  Life  of  Brindley.  The  edu- 
cated classes  eschewed  mechanical  callings,  which  were 
neither  regarded  as  honourable  nor  remunerative ;  and 
that  Smeaton  should  have  felt  so  strongly  impelled  to 
depart  from  the  usual  course  and  enter  upon  a  line 
of  occupation,  must  be  attributed  entirely  to  his  innate 
love  of  construction,  or,  as  he  himself  expressed  it  to  his 
father,  the  strong  "  bent  of  his  genius." 

When  he  received  his  father's  letter,  the  young  man 
experienced  the  joy  of  a  prisoner  on  hearing  of  his  re- 
prieve, and  he  lost  no  time  in  exercising  his  new-found 
liberty.  He  sought  out  for  himself  a  philosophical 
instrument  maker,  who  could  give  him  instruction  in  the 
business  he  proposed  to  follow,  and  entered  into  his 
service,  his  father  being  at  the  expense  of  liis  main- 
tenance. In  due  course  of  time,  however,  he  was 
enabled  to  earn  enough  to  maintain  himself;  but  his 
father  continued  to  assist  him  liberally  on  every  occa- 
sion when  money  was  recjuired  either  for  purposes  of 
instruction  or  of  business. 

Young  Smeaton  did  not  live  a  mere  workman's  life, 
but  frecpiented  the  society  of  educated  men,  and  was  a 
regular  attendant  of  the  meetings  of  the  Koyal  Society. 
In  1750,  he  hxlged  in  Great  Turnstile,  a  passage  leading 
from  the  south  side  of  Holboni  to  the  east  side  of 
Lincoln's  Inn  Fields;  and  shortly  after,  when  he  com- 
menced business  as  a  mathematical  instrument  maker  on 
his  own  account,  he  lodged  in  Furnival's  Inn  Court, 
from   which  his  earlier  papers  read  before  the  Royal 


12  SMEATON  LEARNS  THE  TRADE  OF  Part  VI. 

Society  were  dated.  The  very  same  year  in  which 
he  began  business,  when  he  was  only  twenty-six,  he 
read  a  communication  before  the  Royal  Society,  de- 
scriptive of  his  own  and  Dr.  Gownn  Knight's  improve- 
ments in  the  mariner's  compass.  In  the  year  following 
(1751)  we  find  him  engaged  in  a  boat  on  the  Ser- 
pentine river,  performing  experiments  \\^th  a  machine 
of  his  invention,  for  the  purpose  of  measuring  the 
way  of  a  ship  at  sea.  With  the  same  object  he  made 
a  voyage  down  the  Thames,  in  a  small  sailing  vessel,  to 
several  leagues  beyond  the  Nore ;  and  he  afterwards 
made  a  short  cruise  in  the  Fortune  sloop  of  war,  testing 
his  insti'uments  by  the  way. 

His  attention  as  yet  seems  to  have  been  confined 
chiefly  to  the  improvement  of  mathematical  instruments 
used  for  purposes  of  navigation  or  astronomical  observa- 
tion. In  the  year  1752,  however,  he  enlarged  the  range 
of  liis  experiments ;  for  we  find  him,  in  April,  reading 
a  paper  before  the  Royal  Society,  descriptive  of  some 
improvements  which  he  had  contrived  in  the  air-pump. 
On  the  11th  of  June  following,  he  read  a  second  paper, 
descriptive  of  an  improvement  which  he  had  made  in 
ship-tackle  by  a  construction  of  pulleys,  by  means  of 
which  one  man  might  easily  raise  a  ton  weight ;  and  on 
the  9th  of  November  following,  he  read  a  third  paper, 
descriptive  of  M.  De  Moura's  experiments  on  Savary's 
steam-engine.  In  the  course  of  the  same  year  he  was 
busily  occupied  in  performing  a  series  of  experiments, 
on  which  liis  admirable  paper,  read  before  the  same 
Society,  was  founded — for  which  he  received  their  Gold 
Medal  in  1759 — entitled  '  An  Experimental  Inquiry  con- 
cerning the  Natural  Powers  of  Wat^r  and  Wind  to  turn 
Mills  and  other  Machines  depending  on  a  Circular 
Motion.'  This  paper  was  very  carefully  elaborated,  and 
is  justly  regarded  as  the  most  masterly  report  that  has 
ever  been  published  on  the  subject. 

To  accomplish  all  this,  and  at  the  same  time  to  carry 
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on  his  business,  necessarily  involved  great  application 
and  industry.  Indeed,  Sineaton  was  tliroughout  life 
an  indefatigable  student,  bent,  above  all  tilings,  on 
Helf-improvement.  One  of  his  maxims  was,  that  "  the 
abilities  of  the  individual  are  a  debt  due  to  the  common 
stock  of  public  happiness;"  and  the  steadfastness  with 
which  he  devoted  himself  to  useful  work,  in  which  he  at 
the  same  time  found  his  own  true  liappiness,  shows  that 
this  maxim  was  no  mere  HjMitterance  on  his  part,  but 
forme<l  the  very  mainspring  of  his  life.  From  an  early 
period  he  carefully  laid  out  his  time  wnth  a  view  to 
getting  the  most  good  out  of  it :  so  much  for  study,  so 
much  for  practical  experiments,  so  much  for  business, 
and  so  much  for  rest  and  relaxation. 

We  infer  that  Smeaton  could  nevQr  have  had  a  large 
business  as  a  philosophical  instrument  maker  from  the 
large  i)ortion  of  his  time  that  he  devoted  to  study  and 
exiieriments.  Probably  he  already  felt  that,  in  the 
course  of  the  development  of  English  industry,  a  field 
was  oj)ening  l>efore  him  of  a  more  imj^ortant  character 
tluin  any  that  wiis  likely  to  present  itself  in  the  mathe- 
matical instrument  line.  lie  accordingly  seems  early  to 
liave  turned  his  attention  to  engineering,  and,  amongst 
otlier  branches  of  study,  he  devoted  several  hours  in 
every  day  to  the  acipiisition  of  French,  in  order  that  he 
might  l>e  enal)led  to  read  for  himself  the  works  on  that 
science  which  were  then  only  to  Ixi  found  in  that  and  the 
Itaftlian  language.  lie  had,  however,  a  further  object  in 
striving  French,  which  was  to  enable  him  to  make  a 
journey  which  he  contemj)lated  into  the  Low  Countries, 
for  the  purj)ose  of  insjK^cting  the  gi'eat  cimal  works  of 
foreign  engineers. 

Accordingly,  in  17r)4,  ho  set  out  for  Holland,  and 
tniversdl  that  country  and  Belgium,  travelling  mostly 
on  f«M»t  an<l  in  treckschuyts,  or  canal  boats,  both  for  the 
Kike  of  economy,  and  that  he  might  more  closely  ins] )eet 
the  engineering  works  of  the  distriets  through  whieh  he 
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passed.  He  found  himself  in  a  country  which  had  been, 
as  it  were,  raked  out  of  the  very  sea, — for  which  Nature 
had  done  so  httle,  and  skill  and  industry  so  much.  From 
Rotterdam  he  went  by  Delft  and  the  Hague  to  Amster- 
dam, and  as  far  north  as  Helder,  narrowly  inspecting 
the  vast  dykes  raised  around  the  land  to  secure  it  against 
the  hungry  clutches  of  the  sea  from  which  it  was  origi- 
nally won.  At  Amsterdam  he  was  astonished  at  the 
amount  of  harbour  and  dock  accommodation,  existing  at 
a  time  when  London  as  yet  possessed  no  conveniences 
of  the  sort,  though  indeed  it  always  had  its  magnificent 
Thames.  Passing  round  the  country  by  Utrecht,  he 
proceeded  to  the  great  sea-sluices  at  Brill  and  Helvoet- 
sluys,  by  means  of  which  the  inland  waters  discharged 
themselves,  while  the  sea-waters  were  securely  dammed 
out.  Seventeen  years  later,  he  made  use  of  the  expe- 
rience which  he  had  acquired  in  the  course  of  his  careful 
inspection  of  these  great  works,  in  illustrating  and  en- 
forcing the  recommendations  contained  in  his  elaborate 
report  on  the  best  means  of  improving  Dover  Harbour. 
He  made  careftil  memoranda  during  his  journey,  to  which 
he  was  often  accustomed  to  refer,  and  they  proved  of 
great  practical  value  to  him  in  the  course  of  his  sub- 
sequent extensive  employment  as  a  canal  and  harbour 
engineer. 

Shortly  after  his  return  to  England  in  1755,  an  oppor- 
tunity occurred  for  the  exercise  of  that  genius  in 
construction  which  Smeaton  had  thus  so  carefully  dis- 
ciplined and  cultivated ;  and  it  proved  the  turning- 
point  in  his  fortimes,  as  well  as  the  great  event  of  his 
professional  life. 
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CHAPTER  III. 

The  Eddystone  Rock — Winstanley's  and  Rudyerd's 
Lighthouses. 

The  Eddystone  fonns  the  crest  of  an  extensive  reef  of 
rocks  which  rise  up  in  deep  water  about  fourteen  miles 
S.S.W.  of  Plj^Tiiouth  Harbour.  Being  well  out  at  sea, 
they  are  nearly  in  a  line  with  Lizard  Head  and  Start 
Point,  and  l)esides  iDeing  in  the  way  of  ships  bound  for 
Pl\^nouth  Sound,  they  lie  in  the  very  direction  of  vessels 
coanting  up  and  do\vn  the  EngHsh  Channel.     At  low 


water,  several  long  low  reefs  of  gneiss  are  visible,  jagged 
and  black  ;  but  at  high  water  they  are  almost  completely 
Rubmerged.  Lying  in  a  sloping  manner  towards  the 
south-west  quarter,  from  which  the  heavi(»st  seas  come, 
the  waves  in  stormy  weather  come  tumbling  up  the  slope 
and  break  over  their  crest  with  tremendous  viok^uec. 
The  water  Innls  and  eddies  amongst  the  reefs,  and  hence 
the  name  which  they  have  Innne  from  the  earliest  times 
•  ►f  the  PMdvstonc  Hoeks. 
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It  may  readily  be  imagined  that  this  reef,  wliilst 
unprotected  by  any  beacon,  was  a  source  of  much 
danger  to  the  mariner.  Many  a  ship  coming  in  from 
the  Atlantic  was  dashed  to  pieces  there,  almost  within 
sight  of  land,  and  all  that  came  ashore  was  only  dead 
bodies  and  floating  wreck.  To  avoid  this  terrible  rock, 
the  navigator  was  accustomed  to  give  it  as  wide  a  berth 
as  possible,  and  homeward-bound  ships  accordingly  en- 
tered the  Channel  on  a  much  more  southern  parallel  of 
latitude  than  they  now  do.  In  his  solicitude  to  avoid 
the  one  danger,  the  sailor  too  often  ran  foul  of  another ; 
and  hence  the  niunerous  wrecks  which  formerly  occurred 
along  the  French  coast,  more  2)articularly  upon  the 
dangerous  rocks  which  surround  the  Islands  of  Jersey, 
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We  have  already  described  the  rude  expedienta 
adopted  in  early  times  to  light  up  certain  of  the  more 
dangerous  parts  of  the  coast,  and  referred  to  the  privi- 
lege granted  to  private  persons  who  erected  lighthouses, 
of  levying  tolls  on  passing  shipping.^  But  it  was  long 
before  any  private  adventurer  was  found  ready  to  under- 
take so  daring  an  enterprise  as  the  erection  of  a  light- 
house on  the  Eddystone,  where  only  a  little  crest  of  rock 
was  visible  at  high  water,  scarcely  capable  of  aflfording 
foothold  for  a  structm^e  of  the  very  narrowest  basis. 
At  length,  however,  one  Mr.  Henry  Winstanley  (a 
mercer  and  country  gentleman),  of  Littlebmy,  in  the 
county  of  Essex,  obtained  the  necessary  powers,  in  the 
year  1696,  to  erect  a  lighthouse  on  the  Eddystone.  That 
gentleman  seems  to  have  possessed  a  curious  mechanical 
genius,  which  first  displayed  itself  in  devising  sundry 
j^ractical  jokes   for   the    entertainment   of   his   guests. 


*  Nearly  all  the  i)rivatc  lights  first 
erected — amongst  whicli  were  those  on 
Diiii^eiiess,  the  Skerries  (oil'  the  Isle 


purchased  by  the  Trinity  House, 
some  of  them  at  very  lai^ge  sums. 
The  revenue  of  the  {Skerries   Light 


of  An<^le«<^'y),  the  Eddystone,  Har-  i  alone,  i)revious  to  its  purchase  by  the 
wich.  Will  tort  c»nncs8  and  Orfordness,  I  Trinity  House,  amounteil  to  about 
llunstaiitun    ClilT,    &e.— have    lieen    i    20,006/.  a  year. 
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Smeatou  tells  us*  that  in  one  room  there  lay  an  old 
slipper,  which,  if  a  kick  was  given  it,  immediately  raised 
a  ghost  from  the  floor ;  in  another,  the  visitor  sat  down 
upon  a  chair,  which  suddenly  threw  out  two  arms  and 
held  him  a  fast  prisoner ;  whilst,  in  the  garden,  if  he 
sought  the  shelter  of  an  arbour  and  sat  down  upon  a 
particidar  seat,  he  was  straightway  set  afloat  into  the 
middle  of  the  adjoining  canal.  These  tricks  must  have 
rendered  the  house  at  Littlebury  a  somewhat  exciting 
residence  for  the  uninitiated  guest.  The  amateur  inventor 
exercised  the  same  genius  to  a  certain  extent  for  the 
entertainment  of  the  inhabitants  of  the  metropolis,  and 
at  Hyde  Park  Corner  he  erected  a  variety  of  jets  d'eau, 
known  by  the  name  of  Winstanley's  Waterworks,  which 
he  exhibited  at  stated  times  at  a  shilling  a-head.^ 

Tills  whimsical  character  of  the  man  in  some  measure 
accounts  for  the  oddity  of  the  wooden  building  after- 
wards erected  by  him  for  the  j^urpose  of  a  lighthouse  on  the 
Eddystone  rock;  and  it  is  a  matter  of  some  surprise  that  it 
>*hould  have  stood  the  severe  weather  of  the  English  Chan- 
nel for  several  seasons.  The  building  was  begun  in  the 
yrar  1  (JOG,  and  finished  in  four  years.  It  must  necessarily 
have  lx?en  a  work  attended  with  great  difficulty  as  well 
as  danger,  as  operati<ms  could  only  be  carried  on  during 
tint*  Wi-ather,  when  the  sea  was  comparatively  smooth. 
Th«-  first  sunmier  was  wholly  spent  in  making  twelve 
hol«»s  in  the  rock,  and  fastening  twelve  irons  in  them  by 
which  to  hold  the  sui)erstructure.  '"Even  in  summer," 
Winstauley  siiys,  "the  weather  would  at  times  prove  so 
Uid,  that  for  tenor  fourteen  days  together  the  sea  would 
U*  mj  raging  about  these  rocks,  caused  by  outwinds  and 
thi*  nmning  of  the  gi'ound  seas  coming  from  the  main 
«Mt»an,  that  although  the  weather  should  seem  and  be 

'  *Nanutiveof  llie  I^uihliii^' and  a  ^  They  couliiiucil   to  U'  ixliiMtcil 

|K-«cri|.t!<»ti  o!  thf  Const  ruction  of  the  lor  soinc  time  alter  Mr.  Winstanley's 

F^iiiy^tMiie  Li^|itliouf«f  with  Stone/ liy  '    <h-atlj.     Si-e  *  Taller/  tor  Sii.ttinber, 

.I'AiU  Sim-aton,  Civil  Engineer,  F.H.S.  17()i». 
s.'n.ii-i  VAlitkni.     I>»n«l«>n,  1HI:{. 
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most  calm  in  other  j^laces,  yet  liere  it  would  momit  and 
fly  more  than  two  hiindred  feet,  as  has  been  so  found 
since  there  was  lodo^ment  on  the  place,  and  therefore  all 
om-  works  were  constantly  buried  at  those  times,  and 
exposed  to  the  mercy  of  the  seas." 

The  second  summer  was  sjDent  in  making  a  solid  pillar, 
twelve  feet  high  and  fourteen  feet  in  diameter,  on  which 

to  set  the  h'ghthouse.  In  the 
third  year,  all  the  upper  work 
was  erected  to  the  vane,  which 
was  eighty  feet  above  the 
foundation.  In  the  midsum- 
mer of  thiit  year  Winstanley 
ventured  to  take  up  his  lodg- 
ing with  the  workmen 
in  tlie  lighthouse  ;  but 
a  ntorm  arose,  and 
t^tcven  days  passed 
>eJore  any  boats  could 
come  near  them.  Dur- 
ing that  period  the  sea 
washed  in  upon  Win- 
staidey  and  his  com- 
panions, wetting  all 
their  clothing  and 
]>rovision8,  and  carry- 
ing off  many  of  their 
materials.  By 
the  time  the 
boats  could 
land,  the  party 
were  reduced  almost  to  their  last  crust ;  but  happily  the 
building  stood,  aj)parently  firm.  Finally,  the  light  was 
exhil^ited  on  the  14th  of  November,  1G98. 

The  foiutli  year  was  occupied  in  strengthening  the 
l»uilding  round  the  foundations,  making  all  solid  nearly 
to  a  height  of  twenty  feet,  and  also  in  raising  the  upper 
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part  of  the  lighthouse  forty  feet,  to  keep  it  well  out 
of  the  wash  of  the  sea.  This  timber  erection,  when 
finished,  somewhat  resembled  a  Chinese  pagoda,  with 
oyien  galleries  and  numerous  fantastic  projections.  The 
main  gallery  under  the  light  was  so -wide  and  open,  that 
an  old  gentleman  who  remembered  both  Mr.  Winstanley 
and  his  lighthouse,  afters\'ards  told  Mr.  Smeaton,  that  it 
was  **  possible  for  a  six-oared  boat  to  be  lifted  up  on  a 
wave,  and  driven  clear  through  the  open  gallery  into  the 
sea  on  the  other  side."  In  the  perspective  print  of  the 
lighthouse,  published  by  the  architect  after  its  erection, 
he  complacently  represented  himself  as  fishing  out  of  the 
kitchen-\vnndow ! 

When  Winstanley  had  brought  his  work  to  completion, 
he  is  said  to  have  expressed  himself  so  satisfied  as  to  its 
strength,  that  he  only  wished  he  might  be  there  in  the 
fiercest  storm  that  ever  blew.  In  this  wish  he  was  not 
disa[)[)ointed,  though  the  result  was  directly  the  reverse 
of  its  builder's  anticipations.  In  November,  1703,  Win- 
stanley went  off  to  the  lighthouse  to  superintend  some 
repairs  which  had  become  necessary,  and  he  was  still  in 
the  [Jace  with  the  lightkeepers,  when,  on  the  night  of 
the  2(Jth,  a  stonn  of  unparalleled  fury  burst  along  the 
coast.  As  day  broke  on  the  morning  of  the  27th,  people 
(►n  shore  anxiously  looked  in  the  direction  of  the  rock  to 
wee  if  Winstanley 'h  stinicture  had  withstood  the  fury  of 
the  gale  ;  but  not  a  vestige  of  it  remained.  The  light- 
house and  its  builder  had  been  swept  completely  away. 

The  building  had,  in  fact,  been  deficient  in  every 
element  of  stability,  and  its  form  was  such  as  to  render 
it  jK/culiarly  liable  to  damage  from  the  violence  both  of 
wind  and  water.  "  Nevertheless,''  as  Smeaton  generously 
oliserves,  **  it  was  no  small  degree  of  heroic  merit  in  Win- 
stanley to  undertake  a  })iece  of  work  which  had  before 
In^n  deemed  imi)racticable,  and,  by  the  success  which 
attended  his  endeavours,  to  show  mankind  that  the  erec- 
tion of  such  a  building  was  not  in  itself  a  thing  of  that 

c  2 
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kind."  He  may  indeed  be  said  to  have  paved  the  way 
for  the  more  successful  enterprise  of  Smeaton  himself; 
and  his  failure  was  not  without  its  influence  in  inducing 
that  great  builder  to  exercise  the  care  which  he  did  in 
devising  a  structure  that  should  w^ithstand  the  most 
violent  force  of  the  sea  on  that  coast.  Shortly  after 
Winstanley's  lighthouse  had  been  swept  away,  the  Win- 
chehea^  a  richly-laden  homeward-bound  Virginiaman, 
was  wrecked  on  the  Eddystone  rocks,  and  ahnost  every 
soul  on  board  perished ;  so  that  the  erection  of  a  light- 
house upon  the  dangerous  reef  remained  as  much  a 
necessity  as  ever. 

A  new  architect  was  not  long  in  making  his  appear- 
ance. He  did  not,  however,  come  from  the  class  of 
architects,  or  builders,  or  even  of  mechanics  :  as  for  the 
class  of  engineers,  it  had  not  yet  sprung  into  existence. 
Again  the  bold  j^rojector  of  a  lighthouse  for  the  Eddy- 
stone  was  a  London  mercer,  who  kept  a  silk-shop  on 
Ludgate  Hill.  John  Rudyerd — for  such  was  his  name — 
was,  however,  a  man  of  unquestionable  genius,  and  pos- 
sessed of  nnich  force  of  character.  He  was  originally 
the  son  of  a  Cornish  labourer,  whom  nobody  would 
employ,  his  character  was  so  bad ;  and  the  rest  of  the 
family  were  no  better,  being  looked  upon  in  their  neigh- 
bourhood as  "  a  worthless  set  of  ragged  beggars."  John 
seems  to  have  been  the  one  soimd  chick  in  the  whole 
brood.  He  had  a  naturally  clear  head  and  honest 
heart,  and  succeeded  in  withstanding  the  bad  example  of 
his  family.  When  his  brothers  went  out  a-pilfering,  he 
refused  to  accompany  them,  and  hence  they  regarded 
him  as  sullen  and  obstinate.  They  ill-used  him,  and  he 
ran  away.  Fortunately  he  succeeded  in  getting  into  the 
service  of  a  gentleman  at  Plymouth,  who  saw  something 
])romising  in  his  appearance.  The  boy  conducted  himself 
so  well  in  the  capacity  of  a  servant,  that  he  was  permitted 
the  opportunity  of  learning  reading,  writing,  and  ac- 
counts ;  and  he  proved  so  quick  and  intelligent,  that  his 
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kind  master  eventually  placed  him  in  a  situation  where 
his  talents  could  have  better  scope  for  exercise  tlian  in 
his  service,  and  he  thus  succeeded  in  laying  the  founda- 
tions of  John  Rudyerd's  success  in  life.  We  are  not 
informed  of  the  steps  by  which  he  worked  his  way 
upward,  until  we  find  him  called  from  his  silk-mercer's 
shop  to  midertake  the  rebuilding  of  the  Eddystone 
Lighthouse.  But  it  is  probable  that  by  this  time  he 
liad  become  known  for  his  mechanical  skill  in  design, 
if  not  in  construction,  as  well  as  for  his  thoroughly 
practical  and  reliable  character  as  a  man  of  business ; 
and  tliat  for  these  reasons,  amongst  others,  he  was 
selected  to  conduct  this  difficult  and  responsible  under- 
taking. 

After  the  lapse  of  about  three  years  from  the  destruc- 
tion of  Winstanley's  fabric,  the  Brethren  of  the  Trinity, 
in  170G,  obtained  an  Act  of  Parliament  enabling  them 
to  rebuild  the  lighthouse,  with  power  to  grant  a  lease 
to  the  undertaker.  It  was  taken  by  one  Captain  Lovet 
for  a  period  of  ninety-nine  years,  and  he  it  was 
that  found  out  and  employed  Mr.  Rudyerd.  His 
design  of  the  new  structure  was  simple  but  masterly. 
He  selected  the  form  that  offered  the  least  jjossible 
resistance  to  the  force  of  the  winds  and  the  waves, 
avoiding  the  ojjen  galleries  and  projections  of  his  pre- 
decessor. Instead  of  a  polygon  he  cliose  a  cone  for  the 
outline  of  his  building,  and  he  carried  up  the  eleva- 
tion in  that  fonn.  In  the  practical  execution  of  the 
work  he  \vas  assisted  by  two  shipwrights  from  the  King's 
yard  at  Woolwich,  who  w^orked  with  him  during  the 
whole  time  that  he  was  occupied  in  the  erection. 

The  main  defect  of  the  lighthouse  consisted  in  the 
faultiness  of  the  material  of  which  it  was  built ;  for, 
like  Winstanlev's,  it  was  of  wood.  The  means  em- 
ployed  to  fix  the  work  to  its  foundation  proved 
quite  efficient ;  dove-tailed  holes  were  cut  out  of  the 
nK-k,   into  which   strong   iron    l>ohs  or  branches  were 
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keyed/  and  the  interstices  were  afterwards  filled  with 
molten  pewter.      To  these  branches  were  firmly  fixed 

a  crown  of  squared 
oak  balks,  and  across 
these  a  set  of  shorter 
balks,  and  so  on,  till  a 
basement  of  solid  wood 
was  raised,  the  whole 
being  firmly  fitted  and 
tied  together  with  tre- 
nails and  screw-bolts. 
At  the  same  time,  to 
increase  the  weight 
and  vertical  pressure 
of  the  building,  and 
thereby  present  a 
greater  resistance  to 
any  disturbing  ex- 
ternal force,  Rudyerd 
introduced  numerous 
courses  of  Cornish 
moorstone,  as  well 
jointed  as  possible,  and 
cramped  with  iron.  It  is  not  necessary  to  follow  the 
details  of  the  construction  further  than  to  state,  that 
outside  the  solid  timber  and  stone  courses  strong  upright 
timbers  were  fixed,  and  carried  up  as  the  work  proceeded, 
binding  the  whole  firmly  together. 

Within  those  upright  timbers  the  rooms  of  the  light- 
house were  formed,  the  floor  of  the  lowest,  the  store- 
room, being  situated  twenty-seven  feet  above  the  highest 


RUDiERD-a   LlGHTlioUdE. 


*  Mr.  Smeaton  says  that  tlic  in- 
struuient  now  called  the  Lewis,  though 
an  invention  of  old  date,  was  for  the 
first  time  made  use  of  by  Rudyerd  in 
fixing  Ids  iron  branches  finnly  to  the 
rock.  "Mr.  lUidycrd's  metliod,"  ho 
says,  "  of  keying  and  securing,  must 
be  considered  as  a  material  accession 
to  tlie  practical  jMirt  of  engineering, 


as  it  fumislies  us  with  a  secure  me- 
thod of  fixing  ring-bolts  and  eye- 
bolts,  stancliions,  &c.,  not  only  ia 
rocks  of  any  known  hardness,  but 
into  piers,  moles,  &c.,  that  have  been 
already  constructed,  for  the  safe  moor- 
ing of  sidles,  or  fixing  additional 
works,  whether  of  stone  or  wood." — 
Rmeaton's  *  Narrative,*  p.  22. 
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side  of  the  rock.  The  upper  part  of  the  building  com- 
prehended four  rooms,  one  above  another,  chiefly  formed 
by  the  upright  outside  timbers,  scarfed — that  is,  the  ends 
overlapping,  and  then  they  were  firmly  fastened  to- 
gether. The  whole  building  was,  indeed,  an  admirable 
piece  of  ship-carpentry,  excepting  the  moorstone,  which 
was  only  introduced,  as  it  were,  by  way  of  ballast.  The 
outer  timbers  were  tightly  caulked  with  oakum,  like  a 
ship,  and  the  whole  was  payed  over  with  pitch.  Upon 
the  nx)f  of  the  main  column  Mr.  Rudyerd  fixed  his 
hmteni,  which  was  lit  by  candles,  seventy  feet  above 
the  highest  side  of  the  foundation,  which  was  of  a  slo}> 
ing  form.  From  its  lowest  side  to  the  summit  of  the 
Iwill  fixed  on  the  top  of  the  building  was  ninety-two  feet, 
the  timlx^r-column  resting  on  a  base  of  twenty-three  feet 
four  inches.  "  The  whole  building,"  says  Mr.  Smeaton, 
**  consisted  of  a  simple  figure,  being  an  elegant  frustum 
of  a  cone,  imbroken  by  any  projecting  ornament,  or 
anything  whereon  the  violence  of  the  storms  could  lay 
hold."  The  structure  was  completely  finished  in  1709, 
though  the  light  was  exhibited  in  the  lantern  as  early 
as  tlii*  28th  of  July,  1706.' 

That  the  building  erected  by  Mr.  Rudyerd  was  on  the 
whole  exceedingly  well  adapted  for  the  })urpose  for  which 
it  was  intended,  was  proved  by  the  fact  that  it  served  as  a 
lighthouse  for  vessels  navigating  the  English  Channel, 
and  withstood  the  fierce  storms  which  rage  along  that  j)art 
of  the  coast,  for  a  })eriod  of  nearly  fifty  years.^     The 

•   An  aiKitloto  is  tuM  of  a  circum-  and  sent  kick  to  tlieir  work  with  j)rc- 

*t.iii««-     wliich    ocdirreil    dimn<^    its  sentH,  (Utlurinj^  that,  thoui^li  he  was 

«r»\ti..ii,  H»  cmlitahh'  to  Ix>uiH  XIV.,  at  war  with   Knghmd,  he  was  not  at 

xU*u  Kiuj,  ni  Fnina*,  that  we  R'i>eat  war  with   niankin<l ;   an<l,   moreover, 

it    htP-.      There    Wm\;   war   at    the  that  the  Eddystone  Li<ihtlunise  was 

t  jiw   U-twif'n    France  an<l    Kn^^land,  «<»  situate<l  as  to  l>e  of  eijual  s<Tvice  to 

a    Fr»'ii<h    privat^T  t«»ok   the  oj)|;i»r-  all   nations   haviii«4  (lecasion  to  navi- 

tuniiy   ol  rme  day   wizin^    the    men  ^ate  the  channel  tliat  divide<l  France 


«inj.loy<^l   up.n  tlie  rock,  and  carr}'-  Ironi    Kniiland. — J:^me{it(»n's    *  Nar ra- 
in;: th«m  otl  pris<»ners  to  Fnince.    But  tive/  y.  28. 

thv    t^ij.tun-    n^min-jj    U)   the  ears  of  -  Mr.  Smeaton,  in  his  ijuaint  an<l 

th»     Km;:,    he    imme<liately    ordere«l  interesting;  *  Narnitive,'   relates  some 

tijat  xhv  j.hN^nerH  shouhl   bt*  release<l  curious  anecdotes  of  the  early  light- 
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chief  defect,  as  we  have  already  observed,  consisted  in 
the  material  of  which  it  was  composed.  It  was  com- 
bustible, yet  it  could  only  be  made  useful  as  a  lighthouse 
by  the  constant  employment  of  fire  in  some  shape. 
Though  the  heat  of  the  candles  used  in  the  lantern  may 
not  have  been  very  great,  still  it  was  sufficient  to  produce 
great  dryness  and  inflammability  in  the  timbers  lining 
the  roof,  and  these  being  covered  with  a  crust  of  soot,  must 
have  proved  a  constant  source  of  danger.  The  imme- 
diate cause  of  the  accident  by  which  the  lighthouse  was 
destroyed  was  never  ascertained.  All  that  became  known 
was,  that  about  two  o'clock  in  the  morning  of  the  2nd  De- 
cember, 1755,  the  lightkeeper  on  duty,  going  into  the 
lantern  to  snuff  the  candles,  found  it  full  of  smoke. 
The  lighthouse  was  on  fire !  In  a  few  minutes  the 
wooden  fabric  was  in  a  blaze.  Water  could  not  be 
brought  up  the  tower  by  the  men  in  sufficient  quantities 
to  be  thrown  ^vith  any  effect  upon  the  flames  raging 
above  their  heads :  the  molten  lead  fell  down  upon  the 


keei)ers.  lUulyenrs  bouse  was  at  first 
attended  by  only  two  men,  as  the 
duty  required  no  more.  During  the 
night  they  ke])t  watch  by  turns  for 
four  hours  alteniately,  snuffing  and  re- 
newing the  cand  los.  1 1  hapiiened,  how- 
ever, that  one  of  tlie  keei)ers  took  ill 
aiid  died,  and  only  one  man  remained 
to  do  the  work,  lie  hoisted  the  flag 
as  a  signal  to  those  on  land  to  come 
off  to  iiis  assistance ;  but  the  sea  was 
running  so  wild  at  the  time  that  no 
boat  couhl  live  in  the  vicinity  of  the 
rock ;  and  the  same  rough  weather 
lasted  for  nearly  a  montli.  What 
was  tlie  surviving  man  to  do  with  the 
deatl  body  of  his  comrade  ?  The 
thought  struck  him  that  if  he  threw 
it  into  the  sea,  he  might  be  chargeil 
with  munler.  He  detenuine<l,  there- 
fore, to  keep  the  corjjse  in  the  light- 
house until  the  boat  could  come  oft* 
i'Tom  the  shore.  One  may  imagine 
the  horrors  ondure<l  l)y  the  surviving 
lightkee|)er  during  that  long,  dismal 
month.  At  last  the  boat  came  off, 
but  the  weather  was  still  so  rough 
that  a  landin<T  was  only  effected  with 


the  greatest  difficulty.  By  this  time 
the  effluvia  rising  from  the  corpse 
was  most  overpowering ;  it  com- 
]>letely  filled  the  chambers  of  the 
lighthouse,  and  it  was  all  that  the 
men  could  do  to  get  the  body  dis- 
posed of  by  throwing  it  into  the  sea. 
'I'his  circumstance  induced  the  pro- 
prietors for  the  future  to  employ  a 
third  man  to  supply  the  place  of  a 
disabled  or  dead  keeper,  though  the 
occu]iation  proved  exceedingly  healthy 
on  the  whole.  There  was  always  a 
large  number  of  candidates  for  ahy 
vacant  office,  probably  of  the  same 
class  to  which  pike-keepers  belong. 
They  must  have  been  naturally  mo- 
rose, and  perhaps  slightly  misan- 
thropic; for  Mr.  Smeaton  relates  that^ 
some  visitors  having  once  landed  at 
the  rock,  one  of  them  observed  to 
the  lightkec|)er  how  comfortably  they 
might  live  there  in  a  state  of  retire* 
ment :  "  Yes,"  replied  the  man,  "  veiy 
comfortably,  if  we  could  have  the  use 
of  our  tongues;  but  it  is  now  a  full 
month  since  my  jiartner  and  I  have 
Rix)ken  to  each  other !" 
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liglitkeepers,  into  their  very  mouths/  and  they  fled  from 
room  to  room,  the  fire  following  them  down  towards  the 
sea.  From  Cawsand  and  Rame  Head  the  unusual  glare 
of  light  proceeding  from  the  Eddystone  was  seen  in  the 
early  morning,  and  fishing-boats  with  men  went  off  to 
the  rock,  though  a  fresh  east  wind  was  blowing.  By 
the  time  they  reached  it,  the  Hghtkeepers  had  not  only 
been  driven  from  all  the  rooms,  but,  to  protect  themselves 
from  the  molten  lead  and  red-hot  bolts  and  falling  tim- 
l)ers,  they  had  l)een  compelled  to  take  shelter  under  a 
leilge  of  the  rock  on  its  eastern  side,  and,  after  con- 
siderable delay,  the  poor  fellows  were  taken  off,  more 
deiul  than  alive.  And  thus  was  Rudyerd's  lighthouse 
also  completely  destroyed. 

As  the  necessity  for  protecting  the  navigation  of  the 
Channel  by  a  light  on  the  Eddystone  was  greater  than 
ever,  in  consequence  of  the  increasing  foreign  as  well 
as  coasting  trade  of  the  kingdom,  it  was  immediately 
iletermined  by  the  proprietors  to  take  the  necessary 
steps  for  rebuilding  it;  and  it  was  at  this  juncture 
that  Mr.  Smeaton  was  ap])lied  to.  As  on  the  t\vo  pre- 
vious occasions,  when  a  mercer  and  country  gentleman, 
and  next  a  London  silk-mercer,  had  been  called  upon  to 
uinlertake  this  dithcult  work,  the  j)erson  now  applied  to 
was  not  a  builder,  nor  an  architect,  nor  engineer,  but  a 
niaiheinatical  instrument  maker.  Mr.  Smeaton  had, 
liowever,  by  this  time  gained  for  himself  so  general  an 
estimation  amongst  scientific  men  as  a  ])ainstaking  ob- 
MTver,  an  able  mechanic,  and  one  who  would  j)atiently 
master,  and,  if  possible,  overcome  difficulties,  that  he  was 
at  ouiv  jK»inted  out  as  the  person  of  all  others  tbe  most 
<-:4|«ible  of  Kitisfactorily  rebuilding  this  important  beacon 
on  the  s4^)Uth-eastern  coast. 

'   It    apiicurs    that    a    jnwt -mortem  n-uw^  an<l  a  flat  oval  piece   of   l<'atl, 

*\;irii nation    «»f    om*    of    the    H;iht-  .sime    seven    ounces    in    ^vei•^ht,    wjis 

K't-pns   wh<»  liiftl   Imm   injuries  re-  taken    out    ol     his   stomach,    having 

.^iv.ii    liuriiij:    th<r    fire,    took     place  prnvj^l  the  raus<' of  his  death. 
%.i!i«'    thirt****!!   tiavft   aftor  Jt8  orv-nr- 
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CHAPTER   IV. 


S3o:aton's  Lighthouse  on  the  Eddystone. 

Captain  Lovet,  tlie  lessee  of  the  lighthouse,  having  died 
in  1715,  his  property  was  sold,  and  Mr.  Robert  Weston, 
in  company  with  two  otliers,  became  the  purchasers  of  the 
lease.  On  the  destruction  of  Rudyerd's  timber  building, 
Mr.  Weston  applied  to  the  Earl  of  Macclesfield,  Presi- 
dent of  the  Royal  Society,  for  his  advice  under  the  cir- 
cumstances, and  requested  him  to  ])oint  out  an  architect 
capable  of  undertaking  the  reconstruction  of  the  light- 
house in  an    efficient  maimer.     Mr.  Smeaton's  account 
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of  the  reply  made  by  the  Earl  to  Mr.  Weston  is  so 
chanieteristic  of  him,  that  we  quote  his  owii  words. 
l»nl  Macclesfield  told  him  "  that  there  was  one  of  their 
IkkIv  whom  he  could  venture  to  recommend  to  the 
husinesa;  yet  that  the  most  material  part  of  what  he 
knew  of  him  was,  his  having  within  the  com])ass  of  the 
last  seven  years  recommended  himself  to  tlie  Society  by 
the  commimication  of  several  mechanical  inventions  and 
improvements  ;  and  that  though  he  had  at  first  made  it 
his  buHiness  to  execute  things  in  the  instrument  way 
(without  having  ever  been  bred  to  the  trade),  yet  on 
acccmnt  of  the  merit  of  his  performances  he  had  Ix^en 
chosen  a  member  of  the  Society ;  and  that  for  about  three 
years  past,  having  found  the  business  of  a  philoso{)liical 
instrument  maker  not  likely  to  afford  an  adequate  reeom- 
ponse,  lie  had  wholly  applied  himself  to  such  branches  of 
mechanics  as  he  (Mr.  Weston)  had  appeared  to  want ; 
that  he  was  then  somewhere  in  Scotland,  or  in  the  nortli 
of  England,  doing  business  in  that  line ;  that  wliat  lie 
had  to  sjiy  of  him  further  was,  his  never  having  known 
him  undertake  anything  but  what  he  comj)leted  to  the 
s;itisfaction  of  those  who  employed  him,  and  tliat  Mr. 
Weston  might  rely  UjX)n  it,  when  the  business  was  stated 
to  him,  he  would  not  undertake  it  unless  he  dearly  saw 
himself  rajxible  of  j>erforming  it."  ^ 

This  <h'seri{>tion  seems  to  have  been  enough  for  Mr. 
Weston,  wh(»  immediately  addressed  Mr.  Smeaton  on 
the  subject.  News  then  travelled  so  slowly,  and  the 
j«irtieulai*s  which  had  got  alnoad  relating  to  the  aecidiMit 
at  the  Etldystone  were  so  meagri*,  that  Smeaton  <li(l  not 
know  that  the  lighthouse  had  been  totally  <lestroyed. 
Wlirn  \\r  at  length  received  Mr.  Weston's  letter,  more 
than  a  month  after  tin*  aeeident,  he  faneird  tlint  it  was 
only  the  rei)air  of  sonu*  of  the  n)>per  woiks  that  was 
n-quirrd  of  him,  and  1k' rej>lied  that  helia«l  eniiagriuents 

'   SiiM-af.in'.s  •  N;irr;iti\«*,*  iVc,  j*.  '.\f<. 
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on  hand  that  he  could  not  leave  upon  an  uncertainty. 
The  answer  he  received  was,  that  the  former  building 
was  totally  destroyed — that  the  lighthouse  must  be  re- 
built^ — and  the  letter  concluded  w^ith  the  words,  "thou 
art  the  man  to  do  it." 

Snieaton  then  returned  to  town  and  proceeded  to  take 
the  matter  in  liand.  The  subject  was  wholly  new  to  him ; 
but  he  determined  to  investigate  it  thoroughly,  and  he 
lost  no  time  in  doing  so.  One  of  the  earliest  conclusions 
he  arrived  at  was,  that  stone  was  the  proper  material 
with  which  to  rebuild  the  lighthouse,  thougli  the  supe- 
riority of  timber  was  strongly  urged  upon  him.  The 
popular  impression,  which  also  prevailed  amongst  the 
Brethren  of  the  Trinity  House,  was,  that  "  nothing  but 
wood  could  possibly  stand  on  the  Eddystone  ;"  and  many 
were  the  predictions  uttered  as  to  the  inevitable  failiu'e 
of  a  sti'ucture  composed  of  any  other  material.  The 
first  thing  which  our  engineer  did  in  tlie  matter  was  to 
examine  carefully  the  plans  and  models  of  the  two  former 
lighthouses ;  by  which  he  sought  to  ascertain  their 
defects,  with  a  view  to  their  avoidance  in  the  intended 
new  erection.  In  the  course  of  this  inquiry,  he  became 
more  and  more  convinced  that  a  great  defect  in  the  late 
building  had  been  its  want  of  Weight,  through  which  it 
had  rocked  about  in  heavy  storms,  and  would  probably 
have  been  washed  away  before  long  if  it  had  not  been 
burnt ;  and  he  came  to  the  conclusion,  that  if  the  light- 
house was  to  be  c(mtrived  so  as  not  to  give  way  to  the 
sea,  it  must  then  be  made  so  strong  as  that  the  sea 
must  be  compelled  to  give  way  to  the  building.  He 
also  had  regard  to  durability  as  an  important  point  in 
iis  re-erection.  To  quote  his  own  words :  "  In  con- 
templating the  use  and  benefit  of  such  a  structure  as 
this,  my  ideas  of  what  its  duration  and  continued 
existence  ought  to  be,  were  not  confined  within  the 
boundary  of  one  Age  or  two,  but  extended  themselves 
to  look  towards  a  possil)lo  Perpetuity." 


Chap.  IV.    SMEATON'S  LIGHTHOUSE  ON  THE  EDDYSTONE.        29 

Tlius,  before  Smeaton  had  proceeded  very  far,  he  had 
come  to  the  firm  conviction  that  the  new  Hghthonse 
must  be  built  of  stone.  Nevertheless,  he  resolved  to 
preserve  the  conical  form  of  Rudyerd's  building,  but  to 
enlarge  considerably  the  diameter  of  the  foundation, 
and  thus  increase  the  stability  of  the  whole  superstruc- 
ture. The  idea  of  the  bole  of  a  large  spreading  oak- 
tree  presented  itself  to  his  mind  as  the  natiu*al  model 
of  a  column,  presenting  probably  the  greatest  possible 
strength.  Another  point  which  he  long  and  carefiilly 
studied,  was  the  l)est  mode  of  bonding  the  blocks  of 
stone  to  the  rock  and  to  each  other,  in  such  a  way 
as  that  not  only  every  individual  piece,  but  the  whole 
fabric,  should  be  rendered  proof  against  external  force. 
Binding  the  blocks  together  by  iron  cramps  was  con- 
sidered, but  dismissed  as  insufficient,  as  well  as  im- 
practicable. Then  the  process  of  dove-tailing  occurred 
to  him — a  practice  then  generally  applied  to  carpentry, 
thougli  scarcely  as  yet  known  in  masonry.  Still  more 
hiiitable  for  his  pur])08e  was  the  method  which  he  had 
observed  adopted  in  fixing  the  kerbs  along  the  London 
f«M»tpatlis,  by  which  the  long  pieces  or  stretchers  were 
retained  between  the  two  headers  or  bond-pieces,  whose 
heads  l)eing  cut  dovetail-wise,  adapted  themselves  to  and 
Ik  mild  in  the  stretchers ;  and  the  tye  being  as  good  at  the 
Inittom  as  at  the  toj),  this  arrangement,  he  conceived,  was 
the  very  best  that  could  be  devised  for  his  purpose. 

From  these  beginnings  he  was  readily  led  to  think 
tliat  if  the  blocks  themselves,  both  inside  and  out,  were 
all  formed  into  large  dovetails,  they  might  be  managed 
H»  as  mutually  to  lock  one  another  together,  being  pri- 
marily engrafted  into  the  rock ;  and  in  the  round  and 
entire  courses,  along  the  top  of  the  rock,  they  might  all 
proceed  from  and  l)e  locked  to  one  large  centre  stone. 
By  thus  rooting  the  foundations  into  the  roek,  and  also 
l»inding  ev(»ry  stone  by  a  similar  dovetailing  ])rucess 
to  every  other  stone  in  each  course,  upon  which  the  sea 
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could  only  act  edgeways,  he  conceived  that  he  would 
be  enabled  to  erect  a  building  of  a  strength  sufficient  to 
lesist  the  strongest  force  of  winds  and  waves  that  was 
likely  to  be  brought  against  it. 

Having  thus  thought  out  the  subject,  and  deliberately 
matured  liis  views — carefully  studying,  amongst  other 
works,  '  AVren's  Parentalia '  and  Price's  accoimt  of  the 
building  of  Salisbury  Cathedral — he  proceeded  to  design 
a  lighthouse  on  the  principles  we  have  thus  summarily 
indiaited  ;  and,  with  a  few  modifications  rendered  neces- 
sary by  the  situation  and  the  various  circumstances 
wliich  presented  themselves  in  the  course  of  the  work, 
he  proceeded  to  carry  his  design  into  effect  in  the 
building  of  the  third  Eddystone  Lighthouse. 

All  this  liad  been  done  before  Mr.  Smeaton  had  even 
paid  a  visit  to  the  site  on  which  the  lighthouse  was  to 
be  built.     The  difficulty  of  reaching  the  place  was  great, 
and  his  time  was  precious.     Besides,  he  thought  it  best 
to  prepare  himself  for  his  first  visit  by  completing  his 
thorough  preliminary  investigation  of  the  whole  case. 
It  was  not  until  the  end  of  March,  1756,  that  he  set  out 
from  London  to  Plymouth  for  the  purpose  of  making 
his  first  inspection  of  the  rock.     lie  was  no  less  than  six 
days  in  performing  the  journey,  of  wliich  he  says,  "  I  had 
nothing  to  regret  but  the  loss  of  time  that  I  suffered, 
which  was  occasioned  chiefly  by  the  badness  of  the  roads." 
At  Plymouth  he  met  Mr.  Josias  Jessop,  to  whom  he  had 
been  referred  for  information  as  to  the  previous  light- 
house.    Mr.  Jessop  was  then  a  foreman  of  shipwrights, 
called  a  quarterman,  in  Plymouth  Dock — a  man  of  much 
modesty,  integrity,  and  ingenuity  in  mechanical  matters.* 
Mr.  Smeaton  also  found  hini  to  be  a  competent  draughts- 
man and  an  excellent  modeller,  and  he  cheerfully  ac- 
knowledged the  great  assistance  which  he  obtained  from 
liim  during  tlie  progress  of  the  work.     Smeaton  showed 

'  Ills  soil,  William  .lessop,  the  eii-    I    and  afterwards  rose  to  great  emJuenoe 
;zineer,  Uttime  a  pupil  of  Smcaton's,    |    in  tlie  profession. 
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Jessop  the  plan  of  the  stone  building  which  he  had 
already  made.  The  foreman  expressed  his  great  surprise 
on  first  looking  at  it,  having  made  up  his  mind  that  the 
lighthouse  could  only  be  reconstructed  of  wood.  But  he 
readily  admitted  the  superiority  of  a  stone  structure, 
if  it  could  be  made  to  stand  in  so  very  exposed  and 
dangerous  a  situation. 

Mr.  Smeaton  was  anxious  to  go  oiF  to  the  rock  at 
once ;  but  the  wind  had  been  blowing  fresh  for  several 
days,  and  there  was  so  heavy  a  sea  in  the  Chaimel,  that 
it  was  not  until  the  2nd  of  April  that  he  could  set  sail. 
On  reaching  the  Eddystone,  the  sea  was  breaking  upon 
the  landing-place  with  such  violence,  that  it  was  impos- 
sible to  land.  All  that  Smeaton  could  do  was  to  view 
the  cone  of  bare  rock — the  mere  crest  of  the  mountain 
whose  base  was  laid  so  far  dowTi  in  the  sea-deeps  beneath 
— over  which  the  weaves  were  lashing,  and  to  form  a 
more  adequate  idea  of  the  very  narrow  as  w^ell  as  tur- 
bulent site  on  which  he  was  expected  to  erect  liis  building. 
Three  days  later  he  made  a  second  voyage,  and  he 
rejoiced  on  this  occasion  to  be  able  to  set  his  foot  for 
the  first  time  upon  the  Eddystone.  He  stayed  there  for 
more  than  two  hours,  and  thoroughly  examined  the  rock  ; 
iH'ing  at  length  comi)elled  to  leave  it  by  tlie  sea,  which 
U^gjui  to  break  over  it  as  the  tide  rose.  Tlie  only  traces 
that  he  could  find  of  the  two  former  liglitliouses  were 
thi*  iron  bninches  fixed  by  Kudyerd,  and  numerous  traces 
of  those  fixed  by  Winstanley.  On  a  tliird  attempt  to 
make  the  rock,  Mr.  Smeaton  was  foiled  by  the  wind, 
which  com{K»lled  him  to  re-land  without  even  having  got 
within  sight  of  it.  After  five  more  days — during  which 
the  engineer  was  occupied  in  looking  out  a  proper  site 
for  a  work-yard,*  and  examining  the  granite  in  the  neigh- 
iMMuiiood  for  the  pur]K)ses  of  the  l)uilding — he  made  a 

'  'Yliv  wurk-yanl  fvciitually   ti.\f<l        IMyiuoiith    ami     iX'Vunjwrt,    bt'liiiul 
iip»i»  w:w  in  a  rtcM  aiijacfiit  tu  Mill        Drake's  Lslaml. 
lUv,  •fituaUil  aliuut  nii<lwav  lietween 
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fourth  voyage,  and  although  the  vessel  reached  the  rock, 
the  wind  was  blowing  so  fresh  and  the  breakers  w^ere  so 
wild,  that  it  was  again  found  impossible  to  land.  He 
could  only  direct  the  boat  to  lie  off  and  on,  for  the  pur- 
pose of  watching  the  breaking  of  the  sea  and  its  action 
upon  the  reef.  A  fifth  trial,  made  after  the  lapse  of  a 
week,  proved  no  more  successful.  After  rowing  about 
all  day  with  the  wind  ahead,  tlie  party  found  themselves 
at  night  about  four  miles  from  the  Eddystone,  near 
which  they  anchored  until  morning ;  but  wind  and  rain 
coming  on,  they  were  forced  to  return  to  harbour  without 
accomphshing  their  object. 

The  sixth  attempt  was  successful,  and  on  the  22nd  of 
April,  after  the  lapse  of  seventeen  days,  Mr.  Smeaton 
was  able  to  effect  his  second  landing  at  low  water.  After 
a  further  inspection,  the  party  retreated  to  their  sloop 
which  lay  off  until  the  tide  had  fallen,  when  Smeaton 
again  landed,  and  the  night  being  perfectly  still,  he  Kiys, 
"  I  went  on  with  my  business  till  nine  in  the  evening, 
having  worked  an  hour  by  candle-light."  On  the  23rd 
he  landed  again  and  pursued  his  operations;  but  this 
time  he  was  interrupted  by  the  gromid  swell,  which  sent 
the  waves  upon  the  reef,  and,  the  wind  rising,  the  sloop 
was  forced  to  put  back  to  Plymouth.  Mr.  Smeaton  had, 
however,  during  this  visit,  secured  some  fifteen  hours' 
occupation  on  the  rock,  and  taken  dimensions  of  all  its 
parts,  to  enable  him  to  construct  an  accurate  model  of 
the  foundation  of  the  proposed  building.  He  succeeded  • 
in  obtaining  such  measurements  as  he  thought  would 
enable  him  to  carry  out  his  intention ;  but  to  con-ect 
the  drawing,  which  he  made  to  a  scale,  he  deter- 
mined upon  attempting  a  seventh  and  final  voyage  of 
inspection  on  the  28th  of  April.  But  again  the  sea  was 
found  so  turbulent,  that  a  landing  was  impossible. 
Another  fortnight  passed,  the  weather^  still  continuing 
unfavounible  ;  but  meanwhile  the  engineer  had  been 
maturing  his  design,  and  making  all  recjuisite  prelimi- 
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nary  arrangements  to  proceed  with  the  work.  A  mong  the 
other  facihties  required  for  carrying  on  the  operations, 
was  the  provision  of  an  improved  landing-place,  which 
he  regarded  as  of  essential  importance.  He  also  drew  up 
a  careful  code  of  regulations  for  the  guidance  and  govern- 
ment of  the  artificers  and  others  who  were  to  be  em- 
ployed in  constructing  the  lighthouse.  Having  done  all 
this,  he  arranged  to  proceed  to  London,  but  not  until  he 
liad  paid  three  more  visits  to  the  rock  for  the  purpose 
i  >f  correcting  his  measurements,  in  one  of  which  he  got 
thorouglily  drenched  by  the  spray. 

On  liis  retm-n  to  towTi,  Mr.  Smeaton  made  his  report 
to  the  proprietors,  and  was  fully  authorised  by  them  to 
carry  out  the  design  which  he  liad  now  matured.  He 
accordingly  proceeded  to  make  a  complete  model*  of 
the  lighthouse,  as  he  intended  it  to  be  built.  His 
expertness  in  handling  tools  now  proved  of  tlie  greatest 
UHC  to  him.  As  every  course  of  stones  in  it  involved 
fresh  adaptations  and  the  invention  of  new  forms  to 
give  tlio  requisite  firmness  and  stability  to  the  whole,  it 
is  obvious  that  he  secured  gieater  accuracy  by  executing 
the  work  with  his  own  hands,  than  if  he  had  entnistcd 
it  to  any  model-maker  to  carry  out  after  given  dimen- 
sions  and   drawings,   however   accurately  they   might 


'  Hi- thuH  stati'S  the  n^asoiis  wliich  ,  when  done,  I  shoull  certainly  have 
j-r.  \;iiK^l  with  hlin  in  undertakin*^  hiul  rtct»urHe  to  the  hands  ot  others. 
tl»«-  tviistnictioh  ol  this  nnxlel  with  I  Hut  such  as  are  in  the  use  of  hand- 
hi?«  own  han<ih :  "  Tln^se  who  are  not  Viuv^  tools  lor  the  i»ur|-ose  of  con- 
in  th<' pnu'ticeof  handhn^  nicchaniciil  |  trivance  and  invention,  will  clearly 
f.«tb  Ihemnelves*,  but  are  unih-r  the  j  see  that,  provideil  I  a)uld  work  with 
iK'Oltottty  of  apply in<;  to  the  manual    i    iw  much  lacility  and  despjitch  as  those 

♦  I  ■.'rati* 'US  ol  others,  will  undoubtedly  i  I  nii«;ht  hapjien  to  meet  with  and 
cv«iiclild«  that  1  wouhl  have  savtil  j  emnloy,  I  should  save  all  the  time 
much  tiiiK'  by  employing;  the  han<ls    :    and  dilliculty,  and  often  the  vexation, 

mistakes,  and  disapj)ointments  that 
arise  from  a  communication  of  one's 
own  ideas  to  others;  and  that  when 
t|.,itly  nuule  out — that  is,  su})-  |  ste]'S  of  invention  are  to  follow  one 
I'^.h^  tiw  thini^done  tliat  w:uh  wanted  ■  anothrr  in  succi*ssion  and  dei^ndence 
t..  \m  done — ^it  certainly  would  have  '  on  what  prec(.de<i,  under  such  circum- 
!•-•  n  ••.;  aiid  hin\  I  wanted  a  <lupli-    I    stanws  it  is  not  elij^blc  to  make  use 

•  ati    «»f  ;ujy  jmrt,   or  of  the  whole,    |    of  i lit- hands  of  others.** 

VOL.  11.  I> 


*4  uthcTH  in  thin  matter;  and  on  the 
hit-A  «»f  lh«'  df«i«ni  Ix'in;;  alR-sidy  tixeil, 
.♦lid   fully  ttjid  accurately  a^j  well  jis 
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have  been  laid  down  upon  paj^er.     After  more   than 
two  months'  close  work,  the  model  was  ready,  when  it 

was  submitted  to  a  meet- 
ing of  the  proprietors  and 
unanimously  approved,  as 
also  by  the  Lords  of  the 
Admiralty,  before  whom 
it  w^as  aftenvards  laid. 
The  engineer  then  set  out 
for  Plymouth  to  enter 
upon  the  necessary  ar- 
r-angements  for  preparing 
the  foundations, — arrang- 
ing wath  Mr.  Roper,  at 
Dorchester,  on  his  way, 
for  a  supply  of  Portland 
stone,  of  w^hich  it  was 
finally  determined  tiiat 
the  lighthouse  should 
principally  be  built. 

Artificers  and  foremen 
were  appointed,  working 
companies  arranged,  ves- 
Hcls  provided  for  the  transport  of  men  and  materials, 
work-yards  hired  and  prepared,  and  Mr.  Jessop  w-as 
appointed  the  general  assistant,  or,  as  it  is  now  termed, 
the  Resident  Engineer,  of  the  building.  Mr.  Smeaton 
himself  fixed  the  centre  and  laid  down  the  lines  on  the 
afternoon  of  the  3rd  of  August,  1756,  and  from  that 
time  forward  the  w^ork  proceeded,  though  with  many 
interruptions,  caused  by  bad  w^eather  and  heavy  seas. 
At  most,  only  about  six  hours'  labour  could  be  done  at  a 
time ;  and  w^ien  the  w^eather  was  favourable,  in  order 
that  no  op])ortunity  should  l)e  lost,  the  men  proceeded 
l)y  torchlight.  The  principal  object  of  the  firet  season 
was  to  got  the  dovetail  recesses  cut  out  of  the  rock  for 
the  reception  of  the  foundation-stones.    To  facilitate  this 
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process,  and  avoid  tlie  delay  and  loss  of  time  involved 
by  fre(juent  voyages  between  tlie  Eddystone  and  the 
shore,  the  Xeptiuie  buss  was  employed  as  a  store- 
vetwel,  and  rode  at  anchor,  at  a  convenient  distance  from 
tlie  rock,  in  about  twenty  fathoms  water.  But,  as  the 
season  advanced,  it  became  more  and  more  difficult  to 
carry  on  the  oj)enitions.  For  many  days  together  the 
men  could  not  land,  and,  even  if  they  had  been  able  t<j 
do  8o,  they  must  have  been  washed  off*  the  rock  indess 
lashed  to  it.  At  such  times  the  provisions  in  the  Af^>- 
tune  cK-casionally  ran  shoi*t,  no  boat  lK3ing  able  to  come 
oft'  from  Plymouth  in  consequence  of  the  roughness  of 
the  weather.  Towards  the  end  of  ()ctol)er,  the  yawl 
riding  at  the  stern  of  the  buss  broke  loose  l>y  stress  of 
weather,  and  was  thus  lost.  Mr.  Smeaton  was  most 
anxious,  however,  to  finish  the  boring  of  the  foundation- 
holes  during  that  season,  so  as  to  connnence  getting 
in  the  lower  cimrses  at  the  beginning  of  the  next. 
ITie  men,  therefore,  still  persevered  when  the  weather 
jjemiitted,  though  sometimes  they  were  only  able  to 
labour  for  two  hours  out  of  the  twenty-four.  About  the 
end  of  Novemlxjr,  the  whole  of  the  re([uisite  cutting 
in  the  rock  had  lx?en  accomplished  without  accident, 
and  the  \y^viy  prepared  to  return  to  the  yard  on  shore, 
and  proceed  with  the  dressing  of  the  stones  fc^r  the 
work  of  the  ensuing  year. 

Tlie  voyage  of  the  buss  to  port,  however,  proved  a 
very  dangerous  one,  and  the  engineer  and  his  men 
narrowly  escajKid  shipwreck.  Not  being  al»le,  in  con- 
aeqoence  of  tlie  gjile  that  was  blowing,  to  make  Ply- 
moQtli  Harbour,  the  Xeptwie  was  steered  foi*  Fowey, 
on  the  cojist  of  (\)rnwall.  The  wind  rose  higher  ;ind 
hig'lier«  until  it  blew  quite  a  storm;  and  in  the  night, 
Mr.  Smeaton,  hearing  a  su(Men  alarm  and  clanionr 
afnongst  the  crew  overhead,  ran  u])on  deck  in  his  shirt 
to  ascertain  the  cause.  It  was  raining  lianl,  and  quite  a 
imrricane  was  raging.     *'  It   being  verv  dark,"  he  savs, 

n  2 
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"  the  first  thing  I  saw  was  the  horrible  appearance  of 
breakers  ahnost  surrounding  us ;  John  Bowden,  one  of 
the  seamen,  crying  out,  *  For  God's  sake,  heave  hard  at 
that  rope  if  you  mean  to  save  your  hves ! '  I  immedi- 
ately laid  liold  of  the  rope,  at  which  he  himself  was 
hauling  as  well  as  the  other  seamen,  though  he  was  also 
managing  the  helm.  I  not  only  hauled  with  all  my 
strength,  but  called  to  and  encouraged  the  workmen  to 
do  the  same  thing."  The  sea  was  now  heard  breaking 
with  tremendous  violence  and  noise  upon  the  rocks.  In 
this  situation  the  jibsail  was  blown  to  pieces,  and,  to 
save  the  mainsail,  it  was  lowered,  when  fortmiately  the 
vessel  obeyed  her  helm  and  she  rounded  off.  The  night 
was  so  dark  that  nothing  of  the  land  could  be  seen,  and 
the  sailors  did  not  know  at  what  part  of  the  coast  they 
were  ;  and  in  this  uncertainty  the  vessel's  head  was  put 
round  to  sea  again,  the  waves  occasionally  breaking 
quite  over  her.  At  daybreak  they  found  themselves 
out  of  sight  of  land,  and  the  vessel  driving  towards  tlie 
Bay  of  Biscay.  Wearing  ship,  they  stood  once  more 
for  the  coast,  and  before  night  they  sighted  the  Land's 
End,  but  could  not  then  make  the  shore.  Another 
night  and  day  passed,  and,  a  vessel  coming  within  sight, 
signals  of  distress  were  exhibited,  and  from  her  the 
Neptune  learned  in  what  direction  to  steer  for  the 
Scilly  Islands.  The  wind  coming  round,  however,  they 
bore  up  for  the  Land's  End  again,  passed  the  Lizard, 
then  Deadman's  Point,  then  Rame  Head,  and  finally, 
after  having  been  blown  about  at  sea  for  four  days,  they 
came  to  an  anchor  in  Plymouth  Sound,  greatly  to  the 
joy  of  their  friends,  who  had  begim  to  despair  of  their 
reappearance. 

The  winter  was  fully  occupied  on  shore  in  dressing 
stones  for  the  next  summer's  work.  Mr.  Smeaton  him- 
self laid  out  all  the  lines  on  the  workroom  floor,^  in 

*  Mr.    SiueaUm    had    consideniblo    I    H(X>r  sufticiently  lai^  on  which  to  fit 
•Uniculty  iu   limliii}^  a  room  with  a    |   all  the  moulds  together  in  the  owkr 
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onler  to  insure  the  greatest  possible  accuracy  in  size 
and  fitting.  Nearly  four  hundred  and  fifty  tons  of  stone 
were  thus  dressed  by  the  time  the  weather  was  suffi- 
ciently favourable  for  the  commencement  of  the  building. 
At  the  same  time  he  bestowed  great  pains  upon  experi- 
ments, which  he  himself  conducted,  for  the  purpose  of 
determining  the  best  kind  of  cement  to  be  used  in  laying 
the  courses  of  the  lighthouse,  and  eventually  fixed  upon 
ecjual  quantities  of  the  lime  called  blue  lias  and  that 
allied  terra  puzzolano^  a  sufficient  supply  of  which  he 
was  fortimate  enough  to  procure  from  a  merchant  at 
Pl\Tnouth,  who  had  imported  it  on  adventure,  and  was 
willing  to  sell  it  cheap.  It  was  also  settled  to  use  the 
finest  grout  for  the  intervals  between  the  upright  or 
side  joints  of  the  dovetailed  part  of  the  work.  In  the 
early  part  of  the  spring  he  made  several  visits  of  inspec- 
tion to  the  quarries  where  the  rough  stones  were  being 
prepared,  in  order  to  satisfy  liimself  as  to  the  progress 
made.  On  one  of  such  occasions  a  severe  storm  of 
thunder  and  lightning  occurred  at  Lostwithiel,  by  which 
the  church  spire  was  shattered ;  and  this  turned  his 
attention  to  the  best  mode  of  protecting  his  lighthouse 
against  a  similar  accident.  In  the  mean  time  he  trans- 
mitted an  accomit  of  the  storm  and  the  effects  of  the 
lightning  on  Lostwithiel  Church  to  the  Royal  Society, 
amr>ngst  whose  papers  it  stands  recorded.*  Dr.  Franklin 
had  shortly  before  published  his  mode  of  protecting 
lofty  buildings  by  means  of  conductors,  and  Mr.  Smeaton 
eventimlly  determined,  for  the  security  of  his  lighthouse, 
to  adopt  this  plan. 

The  building  on  the  rock  was  fairly  begun  in  the 

in  which  thty  were  Xohc  permanently  I    son.     I5ut  at  lenj^tli,  hy  takinfx  down 

tixtil.     Tlie  enpneer  applied   to  the  a  jiartition  in  the  o<»<»|>its'  worksho]^, 

Mayor  of   PK'nM>uth   lor   the  use  of  |    he  was  eventually  eiiahle*!   to  eflcet 

th#-   (tuililhaU   for  the    purpone,    but  his  pur])L«e  without  exjosin;^  himself 

h<   wa^.  nfu^-ii  on  the  pretena'  that  to  further  rt»fusals from  the  local  mii<;- 

the  <  halk-liiui»  would  8|xm1  the  floor.  nates  <»f  IMymouth. 

Hf    uajt  ah<o  rcfuseil   the  urn*  of  the  |         *  *  Phil«»Hophiad  Tninsjictions,'  vol. 

Aw(  tnhly-n«inui  for  some  similar  n*a-  i    f)^),  p.  11)8. 
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summer  of  1757,  sheers  having  been  erected  and  the 
first  stone,  of  two  and  a  quarter  tons  weip:ht,  havinji^ 
been  landed  and  securely  set  in  its  place  on  the  mominjf 
of  Sunday  the  12th  of  Jmie.  By  the  evening  of  tlie 
following  day  the  first  course  of  four  stones  was  safely 
laid.^  The  work  then  ])roceeded  from  time  to  time,  as 
the  weather  permitted  ;  and  the  second  course,  of  thir- 
teen pieces,  was  completed  by  the  30th  of  the  same 
month.  The  workmen  w^ere  occasionally  interrupted  by 
ground-swells  and  heavy  seas,  which  kept  them  oiF  the 
rock  for  days  together.  At  length,  on  the  sixth  course 
being  laid,  it  was  found  that  the  building  had  l)een  raised 
above  the  average  wash  of  the  sea,  and  the  progress 
made  after  that  time  was  much  more  rapid.  From 
thence  the  rest  of  the  structure  was  raised  in  regular 
entire  courses. 

The  manner  in  which  the  stones  were  ])repared  in  the 
yard,  arranged  in  courses,  and  l)rought  oft*  in  the  vessels, 
so  that  they  could  l)e  landed  in  their  proper  order  and 
fixed  in  their  proper  places,  was  simple  and  cflective. 
When  the  separate  pieces  of  which  a  course  was  to  con- 
sist were  hewni,  they  w^ei-e  all  brought  together  in  the 
w^ork-yard,  fitted  upon  the  platform  in  the  exact  sites 
they  were  to  occupy  in  the  building,  and  so  marked 
and  numbered  that  they  could  readily  be  restored  to 
their  proper  relative  positions.  So  much  preliminary 
care  having  been  taken,  no  difficidty  or  confusion 
occurred  in  the  use  of  the  materials,  whilst  the  pro- 
gress of  the  l)uilding  was  also  greatly  accelerated. 
For  the  actual  details  of  the  manner  in  which  the 
masonry  was  proceeded  w4th,  we  must  refer  the.pro- 
fessional  reader  to  Smeaton's  own  *  Narrative,'  which 


*  Tlip  Rlopin<r  fomi  of  the  nxjk,  to  '   crciisiiij^  until  it  reached  the   upper 

which  the  foundation  of  the  buildinji;  level  of  the  rock.     Thus  the  seotrnd 

was  a<laj)te<l,  recjuiml  but  this  small  courst?  consisted  of  thirteen  pieces,  the 

nmnl)or    of    Htonos    for    the    lower  third  of  twenty-five,  and  so  on. 
course ;  the  diameter  of  the  work  in- 
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18  remarkably  minute,  and  as  a  whole  exceedingly  in- 
ter^ting.' 

Mr.  Smeaton  superintended  the  construction  of  nearly 
the  entire  building.  If  there  was  any  post  of  danger 
from  which  the  men  shrank  back,  he  immediately 
stood  forward  and  took  the  front  place.  One  morn- 
ing in  the  summer  of  1757,  when  heaving  up  the 
moorings  of  the  buss  preparatory  to  setting  sail  for  the 
r<>c*k,  the  links  of  the  buoy-chain  came  to  a  considerable 
strain  upon  the  davit-roll,  which  was  of  cast  iron,  and 
they  l>egan  to  bend  upon  the  convexity  of  the  roll.  To 
remeily  this,  Smeaton  ordered  the  carpenter  to  cut  some 
trenails  into  short  pieces,  and  split  each  length  into  two, 
with  the  view  of  applying  the  portions  l)etw^xtthe  chain 
and  the  roll  at  the  flexure  of  each  link,  and  so  relieve 
the  strain.  But  some  one  said  that  if  the  chain  should 
breiik  anywhere  l)etween  the  roll  and  the  tackle,  the 
|>er8on  that  applied  the  pieces  of  wood  would  be  in 
danger  of  being  cut  in  two  by  the  chain  or  earned  over- 
lN)ard  along  with  it.  On  this  Smeaton,  making  it  a 
rule  never  to  reijuire  another  to  undertake  what  he  was 
afraid  to  do  himself,  at  once  stepped  forward  and  took 

*  Thr  cart'ful  manner  in  which  the  ;    mant  wedj^e,  or  that  with  the  jjoint 

•Stalls  of  the   foundation  work  were  \    upward,    hoiufi,    heltl    in    tlie    han<l, 

turritil  <»ii   is  rehitwi  hy  Smeaton  at  wliile  the  drift   wedj^e,  or  that  with 

;n^-at   hn;:th.     One  of  hit*  expetlients  its  joint  downwani,  was  driven  with 

iH    worthy    of    notia* — the     metho<l  '    a  hammer.     Tlie  object  of  this  we<i«;- 

\*y  which  he   pive   additional    firm-  I    in<;  was  to  pre»er\*e   the   whole  mass 

ne«     to    the    stones  dovetaileil    into  stesidy  togetlier,  in  oi)p(»sition  to  tlio 

the  nek,  hy  rMk-we<l^;es  and  cement  I    violent    agitation    of    the    sea.       In 

iuATteii    l)etwc><'n   each.     To   receive  j    addition    to   this,  a   couple   of   lioles 

the   wmU:!-?*,    two  jcr<X)ve«  were    cut  I    l)ein<^   l)oreil  tlirou^^li   every   piece  of 

in  the  waist  of  tacli  stone,  fn>m  the  stone,  one  course*  was  furtlier  Uaind 


t..p  to  the  bottom  of  the  course,  an 
iiH-h  in  depth  and  three  inches  in 
wi<lth.  Tlie  caqienters  dropi»e<l  into 
each  pnr»ve  two  of  the  oaken  wetlges, 
<»ne  ufM^j  its  head,  the  otlier  with  its 
|-»int  downwanis,  so  that  the  tw<i 
wt-iL'fs  in  ««ch  jiniove  lay  hejuis  and 
|«»ait«*:  Mu  wliirji  the  one  was  easily 


to  another  by  oak  trenails,  driven 
stiffly  throujih,  and  made  s<^  fast  tliat 
tliey  could  more  easily  Ik*  toni  asun- 
der than  pulletl  out  aj^siin.  **  No 
assi^iable  jjower,"  my  a  Smeaton, 
"  l(»ss  than  wouhl  by  main  stn-ss  pull 
tlies*'  tn*nails  int<»  two,  eouM  lift  one 
»f  tln*se  stouts  from  tlieir  Ixtls  when 


iri\.n  d.«\%n  u|«»n  the  (^ther.  A  so  fixni,  exilusive  of  their  nalund 
•  ••*ipl«*  «»f  we»lp-«  \%en'  als*»  pitclie»l  '  wei^^ht,  as  all  a^itali«ui  n\jis  preventnl 
M    the   tMp  tif  «-4ich  i^njine;  the  dor-        by  the  lateral  wi-^l^es/' 
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"  the  post  of  honour,"  as  lie  called  it,  and  attended  the 
getting  in  of  the  remainder  of  the  chain,  link  by  link, 
until  the  operation  was  completed. 

Whilst  working  at  the  rock  on  one  occasion,  an  acci- 
dent occurred  to  him  which  might  have  been  attended 
with  serious  consequences,  l)ut  in  which  he  displayed  his 
usual  cheerful  courage.  The  men  were  about  to  lay 
the  centre  stone  of  the  seventh  course  on  the  evening  of 
the  lltli  of  August,  when  Mr.  Smeaton  was  enjojnnj? 
the  limited  promenade  afforded  by  the  level  platform  of 
stone  which  had  with  so  much  difficulty  been  raised ;  but, 
making  a  false  step  into  one  of  the  cavities  made  for  the 
joggles,  and  being  unable  to  recover  his  balance,  he  fell 
from  the  brink  of  the  work  down  among  the  rocks  on  the 
west  side.  The  tide  being  low  at  the  time,  he  speedily 
got  upon  his  feet  and  at  first  supposed  himself  little  hurt, 
but  shortly  after  he  found  that  one  of  his  thumbs  had 
been  put  out  of  joint.  lie  reflected  that  he  was  fourteen 
miles  from  land,  far  from  a  surgeon,  and  that  uncertain 
winds  and  waves  lay  between.  lie  therefore  determined 
to  reduce  the  dislocation  at  once ;  and  laying  fast  hold 
of  the  thumb  with  his  other  hand,  and  giving  it  a  violent 
pull,  it  snapped  into  its  place  again,  after  which  he 
proceeded  to  fix  the  centre  stone  of  the  building. 

The  work  now  went  steadily  forward.  Occasional 
damage  was  done  by  the  heavy  seas  washing  away 
the  stones,  tools,  and  materials;  but  these  losses  were 
quickly  repaired,  and  by  the  end  of  the  season  the  ninth 
course  of  stones  had  been  laid  complete.  The  follow- 
ing winter  was  very  tempestuous.  The  floating  light- 
vessel,  stationed  about  two  miles  from  the  rock,  was 
driven  from  its  moorings  by  the  force  of  the  sea,  but 
eventually  got  safe  into  harbour.  It  was  the  12th  of 
May  before  another  landing  could  be  effected  by  Smeaton 
and  liis  workmen,  when  he  was  no  less  delighted  than- 
Hur])rised  to  find  tlie  entire  work  as  he  had  left  it  six 
moiitlis  l)eforc.     Not  a  block  had  been  moved.     The 
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cement  was  found  to  have  set  as  hard  as  the  stone  itself, 
and  the  whole  of  the  building  which  had  been  raised 
was  one  solid  mass. 

The  rock-tackle,  with   sheers   and  windlass,  having 
lieen  again  fixed,  the  erection  proceeded  with  compara- 


tively  few  interruptions  until  the  24th  of  September, 
1 758,  when  the  twenty-fourth  course  was  finished,  which 
cr»in[)leted  the  solid  part  of  the  pillar  and  formed  the  floor 
of  tlie  store-room.  The  building  had  now  been  raised 
thirty-five  feet  four  inches  above  its  base,  or  consider- 
ably l)eyond  the  heavy  stroke  of  the  waves.  Above  this 
|><»int  were  to  be  formed  the  requisite  apartments  for  the 
li^rlithouse-keepcrs.  The  walls  of  these  were  twenty-six 
inches  thick,  constructed  in  circles  of  he\vn  blocks,  sixteen 
piec<-'s  forming  each  circle,  all  joggled  and  cramped,  so 
as  tr)  secure  perfect  solidity.  The  stones  were  further 
gT<K)ved  at  the  ends,  and  into  the  grooves  tightly-fitting 
j>i«xt»8  (rhomljs)  of  Purl)eck  marble  were  fixed  solid  with 
well-temjH3red  mortar,  making  the  whole  perfectly  firm 
an<l  water-tight.  At  the  end  of  the  season  tlie  twenty- 
ninth  course  was  set,  and  a  temporary  house  was  erected 
over  the  work  for  its  protection  during  the  ensuing 
winter. 

While  living  at  Plymouth,  wSmeaton  used  to  come  out 
u|»<»n  the  lloe  with  his  telescojH?,  in  the  early  grey  of 
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tlie  morning,  and  stand  gazing  through  it  in  the  direc- 
tion of  the  liock.  The  Hoe  is  an  elevated  promenade, 
occupying  a  high  ridge  of  land  extending  between  Mill 
Bay  and  the  entrance  to  the  harbour,  the  citadel  occu- 
pying its  eastern  end.  It  forms  the  sea-front  of  Ply- 
mouth, and  overlooks  the  strikingly  beautiful  scenery  of 
the  Sound.  St.  Nicholas's  Island,  strongly  fortified,  lies 
innnediately  in  front  of  it ;  beyond,  rising  green  from 
the  water's  edge,  is  Mount  Edgcumbe  Park,  with  its 


.--..:.•,  A  10  %'   ON    I;:E    HuK      [!y  l'   SUelvon.  and  L.  i-:uArd] 

masses  of  noble  woods  backed  by  gi*een  hills.  The  land 
juts  out  in  rocky  points  on  either  side  the  bay,  some 
of  wliidi  are  capped  with  forts  and  batteries;  wliilst 
in  the  distance  now  lies  the  magnificent  barricade  of  the 
Breakwater,  midway  between  the  bluffs  of  Redding  and 
Staddon  Points,  boldly  interposing  between  the  swell  of 
the  Sound  and  the  long  ocean  waves  rolling  in  from  the 
Atlantic.  From  the  Hoe  the  Spanish  Armada  was  first 
descried  making  for  the  English  (^oast.  It  was  the  look- 
out of  Drake,  as  it  now  was  of  Smeaton,  but  with  a 
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far  different  purpose.  After  a  rough  night  at  sea,  lie 
had  no  eye  for  the  picturesque  beauties  of  the  Sound : 
his  sole  thought  was  of  his  hghtliouse  ;  for  though  he  had 
done  all  that  human  care,  forethought,  and  skill  could  do 
to  root  his  column  firmly  upon  that  perilous  rock,  he  was 
not  yet  altogether  free  from  anxiety  as  to  the  security 
of  the  foundation.  There  were  still  many  who  persisted 
in  asserting  that  no  building  erected  of  stone  could  pos- 
sibly stand  upon  the  Eddystone ;  and  again  and  again 
the  engineer,  in  the  dim  grey  of  the  morning,  would 
come  out  and  peer  through  his  telescope  at  his  deep-sea 
lam|)-post.  Sometimes  he  had  to  wait  long,  until  he 
could  see  a  tall  white  pillar  of  spray  shoot  up  into  the 
air.  Thank  God !  it  was  still  sjife.  Then,  as  the  light 
grew,  he  could  discern  his  building,  temporary  house 
and  all,  standing  firm  amidst  the  waters ;  and,  thus  far 
satisfied,  he  could  proceed  to  his  workshops,  his  mind 
relieved  for  the  day. 

At  the  end  of  the  third  year's  operations  the  en- 
gineer returned  to  London  to  proceed  with  the  designs 
for  the  iron  rails  of  the  balcony,  the  cast  and  wrought 
iron  and  copper  works,  as  well  as  the  glass  for  the 
lantern,  all  of  which  were,  like  the  rest  of  the  work, 
manufactured  imder  his  own  eye.  The  ensuing  season 
proved  so  stormy  that  it  was  the  5th  of  July  before 
the  workmen  could  land  upon  the  rock  and  recom- 
mence their  building  operations  for  the  year ;  but 
from  this  point  they  proceeded  with  such  rapidity — 
the  whole  of  the  stones  being  now  in  readiness  to  be 
placed — tliat  in  thirteen  days  two  entire  rooms  with 
their  proper  coverings  had  been  erected  upon  the 
column;  and  by  the  17th  of  August  the  last  pieces  of 
the  c<3rona  were  set,  and  the  forty-six  courses  of  masonry 
were  finished  complete.  The  column  was  now  erected 
to  its  sjyecified  height  of  seventy  feet.  The  last  mason's 
work  clone  was  the  cutting  out  of  the  words  ''Lais 
Deo"  u[M)n  the  last  stone  si.»t  over  tlie  door  of  the  Ian- 
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tern.     Round  the    upper   store-room,  upon  the  course 
under  the  ceihng,  had  been  cut,  at  an  earlier  period, 

"  Except  the  Lord  build 
the  house,  they  labour 
in  vain  that  build  it." 
The  iron  work  of  the 
balcony  and  the  lan- 
them  were  next  erected, 
and  over  all  the  gilt  ball, 
the  screws  of  which 
Smeaton  fixed  Avith  his 
own  hands,  "  that  in 
ca.«c,"  he  says,  "  any  of 
them  had  not  held  quite 
tight  and  firm,  the  cir- 
cumstance might  not 
have  been  slipped  over 
without  my  knowledge."  Moreover,  this  piece  of  work 
was  dangerous  as  well  as  delicate,  being  performed 
at  a  height  of  some  Inmdred  and  twenty  feet  above 
the  sea.  Smeaton  fixed  the  screws  while  standing  on 
four  boards  nailed  together,  resting  on  the  cupola ;  his 
assistant,  Roger  Cornthwaite,  placing  himself  on  tlio 
opposite  side,  so  as  to  balance  his  weight  whilst  he  pro- 
ceeded with  the  operation. 

The  engineer's  work  w^as  now  so  nearly  ended,  and 
his  anxiety  had  become  so  great,  that  he  could  not  leave 
it,  but  took  up  his  abode  in  the  lighthouse,  putting  his 
own  hands  to  the  finishing  of  the  window-fittings  (for 
skilled  workmen  w^ere  difficult  to  be  had  at  the  light- 
house) and  seeing  to  the  minutest  details  in  the  execution 
of  the  undertaking.  At  length  the  lantern  was  glazed, 
the  lightning-conductor  fixed,  the  rooms  were  fitted  up, 
and  the  builder  looked  upon  the  work  of  his  hands  sJl 
finished  and  complete.  The  light  was  first  exhibited  on 
the  night  of  the  IGth  of  October,  1759,  and  the  column 
still  stands   as  firm  as   on  the   day  on  which  it  was 
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erected.  About  three  years  after  its  completion,  one 
of  the  most  terrible  storms  ever  known  raged  for 
days  along  the  south-west  coast ;  and  though  incalcu- 
lable ruin  was  inflicted  upon  harbours  and  shipping 
by  tlie  hurricane,  all  the  damage  done  to  the  lighthouse 
was  repaired  by  a  little  gallijiot  of  putty. 

The  E<ldy8tone  Lighthouse  has  now  withstood  the 
storms  of  nearly  a  century, — a  solid  monument  to  the 
genius  of  its  architect  and  builder.  Sometimes,  when 
the  sea  rolls  in  with  more  than  ordinary  fury  from  the 
Atlantic,  driven  up  the  Channel  by  the  force  of  a 
south-west  wind,  the  lighthouse  is  enveloped  in  spray 
and  its  light  is  momentarily  obscured.  But  again  it  is 
seen  shining  clear  like  a  star  across  the  waters,  a  warning 
and  a  guide  to  the  homeward-bound.  Occasionally,  when 
sti-uck  by  a  strong  wave,  the  central  portion  shoots  up 
the  jKirpcndicular  shaft  and  leaps  quite  over  the  lan- 
tern. At  other  times,  a  tremendous  wave  hurls  itself 
u|)on  the  lighthouse,  as  if  to  force  it  from  its  foimdation. 
The  report  of  the  shock  to  one  within  is  like  that  of  a 
cjinnon  :  the  windows  rattle,  the  doors  slam,  and  the 
building  vibrates  and  trembles  to  its  very  base.  But 
the  tremor  felt  throughout  the  lighthouse  in  such  a  case, 
instejid  of  l)eing  a  sign  of  weakness,  is  the  strongest 
pnH)f  of  the  unity  and  close  connection  of  the  fabric  in 
all  its  parts.* 

Many  a  heart  has  leapt  with  gladness  at  the  cry  of 


*  At    first   the   men   api-ointcil   as  |  fri<;]itciR'<l  out  of  their  lives,  wisliiii*^ 

li;ilitke«'iien»  were  much  alarmed  by  I  they   had  never  seen  the  place,  and 

th«'  fur}'  of  the  waves  during  stomis.  i  cursinp;    those    that    first    jjersuadeil 

The   yi-'jiT  after   the  Ught   was  exhi-  i  them    to  go  there.     The  fear   seizetl 

biti-il,  the  mil  rage<l  so  furiously  that  |  them  in  the  Ixick,  hut  nibbing  them 

UfT    twelve   days    together  it   dashcnl  .  with  oil  of  turin-ntine  giwe  them  R'- 

t'WT  the  liglitliouse  80  that  the  men  lief."     Sinct?  then,  custom  has   alto- 

omld  not  ofien  the  door  of  the  Ian-  i  gether  buiisluHl  fear  from  the  minds 

t»m  <»r  any  other.      In  a   letter  a*l-  I  of  the  lighthou8e-keei>ers.     The  men 

.ifiwd    to   Mr.  Jessop  by  the   man  I  U-aime   so   attjicheil    to   their  home, 

who   vUit4il    the   nxk   after   such   a  '  that  Mr.  Smeaton  mentions  the  case 

««tonn,  he  wys ;  "The  houae  did  shake  j  of  one  of  them  wlio  wtis  even  accus- 

M  if  a  num   \iiu\  lieeu  up  in  a  gn-ait  '  tometl  to  give  up  to  his  cx>mi*inions 

tnr.      The    olil    men    were    almost  his  tuni  for  going  on  shore ! 
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"  Tlic  Eddystone  in  siglit ! "  sung  out  from  the  maintop. 
Home  ward-bound  ships,  from  far-off  ports,  no  longer 
avoid  the  dreaded  rock,  hut  eagerly  rmi  for  its  light 
as  the  harbinger  of  safety.  It  might  even  seem  as  if 
Providence  had  placed  the  reef  so  far  out  at  sea  as  the 
fomidation  for  a  beacon  such  as  this,  leaving  it  to  man's 
skill  and  labour  to  finish  His  work.  On  entering  the 
p]nglish  Channel  from  the  west  and  the  south,  the  cau- 
tious navigator  feels  his  w^ay  by  early  soundings  on  the 
great  bank  w'hich  extends  from  the  Channel  into  the 
Atlantic,  and  these  are  repeated  at  fixed  intervals  until 
land  is  in  sight.  Every  fathom  nearer  shore  increases 
a  ship's  risks,  especially  in  nights  w^hen,  to  use  the 
seaman's  phrase,  it  is  "  as  dark  as  a  pocket."  The  men 
are  on  the  look-out,  peering  anxiously  into  the  dark, 
straining  the  eye  to  catch  the  glimmer  of  a  light,  and 
when  it  is  known  tliat  "the  Eddystone  is  in  sight!" 
a  thrill  runs  through  the  ship,  which  can  only  be 
appreciated  by  those  who  have  felt  or  witnessed  it  after 
long  months  of  weary  voyaging.  Its  gleam  across 
tlie  waters  has  thus  been  a  source  of  joy  and  given  a 
sense  of  deep  relief  to  thousands;  for  the  beaming  of 
a  clear  light  from  one  kno\\Ti  and  fixed  spot  is  infallible 
in  its  truthfulness,  and  a  safer  guide  for  the  seaman  than 
the  bearings  of  many  hazy  and  ill-defined  headlands. 

By  means  of  similar  lights,  of  different  an-angements 
and  of  various  colours,  fixed  and  revolving,  erected  upon 
rocks,  islands,  and  headlands,  the  British  Channel  is 
now  lit  up  along  its  w^hole  extent,  and  is  as  safe 
to  navigate  in  the  darkest  night  as  in  the  brightest  sun- 
shine. The  chief  danger  is  from  fogs,  which  alike  hide 
the  lights  by  night  and  the  land  by  day.  Some  of  the 
homeward-bound  sliips  entering  the  Channel  from  North 
American  ports  first  make  the  St.  Agnes  Light,  on  the 
Scilly  Isles,  revolving  once  in  a,  minute,  at  a  height  of 
l.*{8  feet  above  high  water.  But  most  Atlantic  ships 
keep  iurtlier  south,  in  c()nse(iuence  of  the  nature  of  the 
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Boondings  about  the  Scilly  Isles ;  and  hence  they  oftener 
make  the  Lizard  Lights  first,  which  are  visible  about 
twenty  miles  off.  These  are  two  in  number,  standing 
on  tlie  bold  headland  forming  the  most  southerly  point 
of  the  English  coast,  against  which  the  sea  beats  with 
tremendous  fury  in  south-westerly  gales.  From  this 
|K)int  the  coast  retires,  and  in  the  bend  lie  Falmouth 
(with  a  revolving  light  on  St.  Anthony's  Point),  Fowey, 
the  Looes,  and  Plymouth  Sound  and  Harbour;  the 
coastline  again  trending  southward  imtil  it  juts  out 
into  the  sea  in  the  bold  craggy  bluffs  of  Bolt  Head 
and  Start  Point,  on  the  last  of  which  is  another  house 
with  two  lights, — one  revolving,  for  the  Chamiel,  and 
another,  fixed,  to  direct  vessels  inshore  clear  of  the 
Skerries  shoal.  But  Ixitween  the  Lizard  and  Start 
Point,  wliich  form  the  two  extremities  of  this  bend 
in  the  land  of  Cornwall  and  Devonshire,  there  lies  the 
Eddystone  Rock  and  Lighthouse,  standing  fourteen  miles 
out  fnjm  the  shore,  almost  directly  in  front  of  Pl^onouth 
Sound  and  in  the  line  of  coasting  vessels  steaming  or 
N.-ating  up  Channel.  From  this  jK)int  it  gradually  con- 
tnicts,  and  the  way  Ix^comes  lighted  on  both  sides  to  tlie 
Downs.  On  the  south  are  seen  the  three  Casquet  Lights 
on  the  Jersey  side  ;  and  on  the  north  the  two  fixed  lights 
nil  Portland  Bill.  The  next  is  St.  Catherine's,  a  brilliant 
fixed  light  on  the  extreme  south  point  of  the  Isle  of 
Wight.  Next  are  the  lights  exhibited  at  different 
heights  on  the  Nab,  and  then  the  single  fixed  light  exhi- 
bite<l  on  the  Owei's  vessel.  Ik»achy  Head,  on  the  same 
line,  exhibits  a  powerful  revolving  light  285  feet  al)Ove 
high  water,  its  interval  of  greatest  brilliancy  occurring 
cverj^  two  minutes.  Then  comes  Dungeness,  exhibiting 
a  fixed  red  light  of  great  power,  situated  at  the  extre- 
mity of  the  low  |X)int  of  Dungeness  Beach.  Next  are 
Mi*n  F'olkestone,  and  then  Dover,  harlM^ur  lights;  whilst 
on  the  south  are  the  Hash  light,  recently  stationed  on 
tin.-  Vanie  Bank  ;  and,  further  uj)  Channel,  on  the  French 
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coast,  is  seen  the  brilliant  revolving  light  on  Cape 
Grisnez.  The  Channel  is  passed  with  the  two  South 
Foreland  Lights,  one  higher  than  the  other,  on  the  left ; 
and  the  Downs  are  entered  with  the  South  Sandliead 
floating  light  on  the  right ;  and  when  the  Gull  and  the 
North  Sandliead  floating  lights  have  been  passed  on 
the  one  hand,  and  the  North  Foreland  on  the  other, 
then  the  Tongue,  the  Prince's  Channel,  and  the  Girdler, 
are  passed.  The  Nore  Light  comes  next  in  sight ; 
and  from  thence  it  is  as  easy  for  the  navigator  to  pilot 
his  ship  up  the  Thames  as  for  a  foot-passenger  to  thread 
his  way  along  the  streets  of  London.  Such,  in  a  few 
words,  is  the  admirable  manner  in  which  our  coasts  are 
lighted  up  for  the  guidance  of  the  mariner,  and  such  are 
among  the  benefits  to  navigation  which  have  followed 
close  upon  Smeaton's  great  entei-j^rise — the  building  of 
the  Eddystone  Lighthouse. 


THE   I.I'ilir  AT    IHK   NOUK      [By  K.  P.  Uitch  ] 
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CHAPTER    V. 

Mb.  Smeaton  8  extensive  Employment  as  a  Civil  Engineer. 

The  completion  of  the  Eddystoiie  Lighthouse  was  re- 
^riled  as  a  matter  of  much  interest,  and  it  excited  so 
eager  a  curiosity  on  the  part  of  the  public,  that  for 
s<»me  time  Mr.  Smeaton's  rooms  at  Gray's  Imi  were  the 
resort  of  numerous  visitors,  who  called  there  for  the 
j»urjM)se  of  inspecting  the  model  of  his  extraordinary 
building.  This  at  length  so  broke  in  upon  his  time,  that 
he  found  it  necessary  to  depute  his  wife  to  attend  to  these 
curious  |)ersons  and  explain  to  them  the  details  of  the 
model.  But  it  does  not  appear  that  his  success  led  to  his 
extensive  employment  on  engineering  works  for  several 
years,  otherwise  it  is  not  probable  that  we  should  have 
f<iund  him,  in  1764,  offering  himself  a  candidate  for  the 
vacant  office  of  receiver  for  the  Derwentwater  Estates, 
to  wliicb  he  was  appointed  about  the  end  of  that  year. 
There  was  as  yet,  indeed,  but  small  demand  for  construct- 
ive skill.  Tlie  roads  were  still  in  a  very  bad  state,  bridges 
were  much  wanted  in  most  district^^,  and  little  had  been 
done  to  provide  harbour  accommodation  beyond  what 
nature  had  effected  ;  but  the  country  was  too  poor  or  too 
spiritless  to  undertake  their  improvement  on  any  com- 
preheiiKive  scale.  The  industrial  enter})rise  of  Englan<l 
had  not  yet  l>egun ;  and  the  country  was  content  to  jog 
along  in  its  old  paths,  displaying  its  energies  principally 
in  warfare  by  land  and  sea.  The  victory  of  Wolfe  on 
the  heights  of  Abraham  occurred  in  the  sjuiie  year  thut 
Smeaton  com|)leted  his  h'ghthouse  on  the  Eildystone,  an<l 
«loiibtless  excited  a  far  more  general  interest.  It  is  true 
the  trade  and  commerce  of  the  country  were  making 
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progress,^  though  they  had  to  labour  under  heavy  imposts 
and  serious  restrictions.  The  pubHc  expenditure  was 
great,  provisions  were  dear  in  proportion  to  wages,  and 
food-riots  were  frequent.  Under  these  circumstances 
domestic  improvements,  involving  any  unusual  outlay, 
were  of  a  very  limited  character.  When  Smeaton  was 
called  upon  to  examine  an  imdrained  district,  or  a  dan- 
gerous and  inaccessible  harbour,  or  a  decaying  bridge, 
he  had  little  difficulty  in  advising  what  was  best  to  be 
done  ;  and  his  reports  were  searching,  explicit,  and  almost 
exhaustive.  But  then  arose  the  invariable  impediment. 
The  requisite  improvements  could  not  be  executed  without 
money,  and  money  was  scarce  and  could  not  be  raised. 
Hence  the  greater  number  of  his  reports,  though  con- 
taining much  excellent  and  carefully-considered  advice, 
fell  dead  upon  tlie  minds  of  those  to  whom  they  were 
addressed ;  and  no  action  was  biken  to  carry  them  into 
effect  until  the  country  had  become  richer,  and  a  new  race 
of  capitalists,  engineers,  and  contractors  had  sprung  into 
existence. 

One  of  the  earliest  subjects  on  which  Mr.  Smeaton  was 
consulted,  was  the  opening  up  of  river  navigations.  In 
1760  he  reported  to  the  magistrates  of  Dumfries  as  to 
the  improvement  of  the  Nith ;  but  his  advice — to  form 
a  navigable  canal  rather  than  deepen  and  straighten 
the  river  at  a  much  greater  cost — was  not  carried  out 
for  want  of  funds.  He  was  also  considted  as  to  the 
lockage  of  the  Wear,  the  opening  up  of  the  naviga- 
tion of  the  Chehner  to  Chelmsford,  of  the  Don  above 
Doncaster,  of  the  Devon  in  Clackmannanshire  from  Mel- 
loch  Foot  to  the  Forth,  of  the  Tetney  Haven  navigation 
near  Louth,  and  the  improvement  of  the  river  Lea, 
which  has  been  a  fertile  source  of  contention  amongst 

•  It  may,  however,  Ix;  qiiestiuiUHl  ,    jiortecl  incrcasctl  about  a  million  8t€r- 

Nvlictlier  the   trade  of    Eiii^hmd   did  I    linij;  diiriufj;  that  |)eriod,  the  quantity 

make    |>ro«rress    diirin;^    the    twelve  |    exported  was  lesw  by  G0,000  tons. — 
yeai-s  eiidiiiL^  17(»-J ;    lor  we  liiid  that.        See  *('hahneiV8  Fistiniatc,*  p.  181. 
altlioui;h  the  vahie  ol"  the  earj;jM's  ex- 
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engineers  down  even  to  our  own  day ;  but  it  does  not 
appear  that  any  works  of  importance  followed  the  elabo- 
rate advice  which  he  gave  on  those  subjects.  The  first 
large  engineermg  imdertaking  which  he  conducted  was 
in  his  own  county,  where  he  was  employed  in  making 
extensive  repairs  of  the  dams  and  locks  on  the  river 
Calder  in  Yorkshire ;  and  he  carried  out  many  important 
improvements  in  that  navigation,  the  planning  of  which 
required  much  skill  and  judgment,  in  consequence  of  the 
ra{)id  floods  which  swept  down  in  rainy  seasons  from 
Bhickstone  Edge.  At  the  same  time  he  was  consulted 
JUS  to  the  Aire  navigation  from  Leeds  to  its  junction  with 
the  Ouse,  which  he  succeeded  in  greatly  improving. 

Another  subject  on  which  he  was  early  and  often 
consulted  was  the  recovery  of  the  flooded  lands  in  the 
Lincohi  Fens,  and  in  the  low-lying  lands  near  Doncaster 
and  Hull,  in  Yorkshire.  The  river  Witham,  between 
Lincohi  and  Boston,  was  still  a  source  of  constant  grief 
and  loss  to  the  farmers  along  its  banks.  It  had  become 
choked  up  by  neglect,  so  that  not  only  had  the  naviga- 
tion of  the  river  become  almost  lost,  but  a  large  extent 
of  otherwise  valuable  land  was  constantly  laid  under 
water.  In  rejx)rting  on  this  subject  in  1 76 1 ,  Mr.  Smeaton 
was  {iKsociated  with  Mr.  John  Grundy  and  Mr.  Langley 
Hdwards;  and  the  result  of  their  joint  examination  was 
an  elalK)rate  report,  accompanied  by  plans,  in  which 
tliry  clearly  iK>inted  out  the  causes  of  the  existing  evils 
and  the  lx.*st  mode  of  remedying  them.  For  the  pur- 
|H>si»  of  inq)roving  the  outfall,  they  recommended  the 
i/utting  of  an  entirely  new  river,  about  twelve  and  a  half 
nnlesin  length,  from  a  place  called  Chapel  Hill  to  a  little 
a! Hive  Boston.  They  also  at  the  siime  time  recommended 
a  |»lan  for  the  drainage  of  Wildmore  and  West  Fens  by 
a  new  cut  and  sluice  in  place  of  the  old  Anthony's  Gout, 
with  sundry  other  improvements  which  they  set  forth  in 
detail.  But  the  total  estimated  cost  being  upwards  of 
10,000/.,  wliich  was  then  considered  a  "  mint  of  money  " 

E  2 


52  SMEATON'S  EXTENSIVE  EMPLOYMENT  Pabt  VI. 

for  a  comparatively  poor  county  to  raise,  the  recom- 
mendation of  the  consulting  engineers  produced  no  re- 
sult ;  and  the  greater  part  of  the  lands  remained  drowned 
until  they  were  effectually  cleared  of  their  surplus  water 
by  Mr.  Rennie,  about  half  a  centmy  later.  Mr.  Smeaton 
was  also  consulted,  in  1762,  about  the  improvement  of 
the  Fossdyke,  an  old  cut  joining  the  Trent  and  the 
Witham,  wliich  had  been  allowed  to  fall  into  decay ; 
but  only  a  few  pottering  improvements  were  made,  in 
lieu  of  the  thorough  measure  of  general  drainage  which 
he  so  strongly  recommended.  After  the  lapse  of  twenty 
years  Mr.  Smeaton  was  again  called  in,  and  further 
advised  the  proprietors  on  the  subject ;  but  although  he 
then  submitted  a  much  more  limited  scheme,  it  was  still 
beyond  the  capability  of  the  county  to  undertake  it. 

At  a  still  later  period  he  was  consulted  as  to  the 
drainage  of  the  North  Level  of  the  Fens,  and  the  im- 
proved outfall  of  tlie  river  Nene  at  Wisbeach.  In  his 
report  on  this  subject,  he  went  at  great  length  into  the 
probable  causes  of  the  flooding  of  the  fens,  and  from  these 
he  reasoned  out  the  improvements  necessary  for  their 
effectual  remedy.  The  principal  measiu-e  which  he  pro- 
posed was,  to  build  a  powerful  outfall  sluice  upon  the 
mouth  of  the  Nene.  In  this  report  he  brought  the 
observations  which  lie  had  made  while  on  liis  journey 
through  the  Low  Coimtries  to  bear  upon  the  case ;  and 
he  argued  that,  as  the  outfall  chaimels  at  Middlesburgh 
and  Ostend  were  kept  wholly  open  by  sluices,  the  same 
method  would  equally  ap])ly  at  Wisbeach.  But,  like  his 
piedecessor  A'ernmyden,  Mr.  Smeaton  did  not  seem  suffi- 
ciently to  have  taken  into  account  the  different  circum- 
stances of  the  two  tracts  of  coimtry ;  and  it  is  perhaps 
fortunate  that  his  plans  were  not  carried  out,  as  subse- 
(juent  experience  has  shown  that,  if  executed,  tliey  would 
most  prol)ably  have  proved  a  failure. 

Considerable  success,  how^ever,  attended  his  operations 
in  improving   the  drainage    of  the    Isle   of  Axholme, 
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originally  executed  by  Yennuydeii.  The  lower  lying- 
lands  in  the  district  had  fallen  into  a  wTetched  state 
through  neglect  of  the  river  outfalls ;  and  when  Smeaton 
was  consulted  as  to  a  remedy,  he  advised  the  diversion 
of  the  old  river  Tome,  which  was  carried  out,  and  it 
was  also  widened  and  deepened.  The  result  was  on  the 
whole  highly  satisfactory  ;  though,  many  yeare  after,  we 
find  Mr.  Remiie  describing  the  drainage  as  still  very 
imperfect,  and  urgently  demanding  an  effectual  remedy. 
It  would  occupy  too  much  space  to  detail  the  works  of 
a  similar  kind  on  which  Mr.  Smeaton  was  consulted ; 
but  we  may  content  oui-selves  with  merely  mentioning 
the  more  imjx)rtant,  which  were  these  :  the  drainage  of 
the  hinds  adjacent  to  the  river  Went,  in  Yorkshire ;  the 
Earl  of  Kinnoul's  hmds  lying  along  the  Almond  and  the 
Tay,  in  Perthshire ;  the  Adling  Fleet  Level,  at  the 
juncticm  of  the  Ouse  and  the  Trent ;  Hotham  Can's,  near 
Market  Weighton  ;  the  Lewes  Laughton  Level,  in  Sussex ; 
the  Potterick  Carr  Fen,  near  Doncaster;  the  Torksey 
Bridge  Fen,  near  Gainsborough ;  and  the  Holdemess 
l>evel,  near  Hull.  These  works,  though  of  a  highly 
usc»ful  character,  |X)ssess  but  small  interest  in  a  nairative, 
and  we  therefore  proceed  to  describe  the  imdertakings 
of  a  different  character  on  which  our  engineer  was  about 
the  sjime  time  employed. 

Having  fully  jnoved  his  mastery  of  the  art  of  construc- 
tion, and  his  skill  in  overcoming  the  difficulties  arising 
from  insecure  foundations,  by  his  erection  of  the  Eddy- 
stone  liighthouse,  lie  was  frequently  called  upon  for  advice 
as  to  the  repairs  of  old  bridges,  as  well  as  the  erection 
(if  new  ones.  Thus,  in  17G2,  we  find  him  consulted  as 
to  the  repairs  of  Bristol  Old  Bridge  ;  and  in  the  following 
year  he  was  cjilled  upon  by  the  Corporation  of  London  to 
advise  them  as  to  the  best  means  of  improving,  widening, 
and  enlarging  Old  London  Bridge.  Although  con- 
sidenible  alterations  and  improvements  had  l)eeu  made 
in  it,  the  structure  was  in  a  very  rickety  state  and  a  source 
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of  constantly  recurring  alarm  to  tlie  public.  When 
Labelyc's  New  Westminster  Bridge  was  opened  for  traffic 
in  1749,  the  defects  of  the  old  structure  became  mon^ 
apparent  than  ever.  The  Corix)ration  even  went  so  far 
as  to  entertain  a  project  for  rebuilding  it.  The  city  sur- 
veyor, however,  after  examining  the  fomidations  of  the 
piers  in  1754,  declared  them  still  to  be  good,  and  capable 
of  lasting  for  ages!  His  report  relieved  the  public 
anxiety  for  a  time,  and  the  old  patcliing  process  went  on 
as  before.  The  bridge  was  still  overhung  with  houses 
on  either  side,  and  the  roadway  between  them  was  very 
narrow  and  dark.     Labelye's  opinion  was  then  taken  as 


•  •LP   IX)Nr>t>N   BRIDOK  1JKR>RK  THE  ALTERATION  OP  17«. 
[•^fter  the  Painunft  by  Samu«"l  Scott] 

to  the  improvement  of  the  structure,  and  he  recommended 
the  removal  of  the  starlings,  which  so  blocked  up  the 
waterway  as  to  cause  a  fall  of  nearly  five  feet  during 
the  greater  part  of  every  tide.  He  also  advised  the  re- 
moval of  some  of  the  piers,  as  had  been  recommended 
by  Sir  Christopher  Wren,  and  throwing  several  of  the 
arches  together.  The  discussions  of  the  Common  Council, 
however,  ended  in  the  proposal  to  erect  a  new  bridge 
at  Blackfriars,  and  the  removal  at  the  same  time  of  the 
houses   from  the  old  bridge,  both   of  which  measures 
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were  eventually  carried  out.  The  great  middle  pier  was 
also  removed,  and  the  two  adjoining  locks  were  thrown 
into  one  by  turning  a  new  arch,  which  occupied  the 
whole  spiice. 


f^LI)  LC.NDON    BUID-jE  AFlfclU    1 UE   REMOVAL  OK  TnV.   Hof'SES 
[By  E    M    WJmpehn  ] 

It  wssa  now  found,  however,  that  the  increased  scour 
of  the  water  passing  under  the  new  archway  placed  the 
ailjoiuing  piers  in  gieat  peril,  by  washing  away  the 
lied  of  the  river  under  their  foundations.  The  appre- 
hensions of  danger  were  such  that  but  few  jx^reons  would 
j  >ass  either  over  or  under  the  bridge,  and  the  Corporation 
1  becoming  alarmed,  at  this  juncture  sent  in  all  haste  for 
Mr.  Smeaton.  He  wjis  then  living  at  his  house  at  Aus- 
tlinr})c%  from  whence  he  was  summoned  by  express  to 
town.  On  his  arrival,  he  jn'occeded  to  survey  the  bridge 
and  examine  the  foundations  which  were  giving  way. 
His  advice  to  the  Cor|K)ration  was,  to  buy  back  imme- 
diately the  stones  of  the  City  gates,  which  had  recently 
U*en  taken  down  and  the  materials  sold,  and  throw  them 
into  the  river  outside  tbe  starlings,  for  tbe  purpose  of 
protecting  them  against  the  scour  of  the  river.  Another 
object  of  this  measure,  as  explained  in  Smeaton's  reports, 
was  to  restore  the  old  dam  by  again  raising  a  ban'ier 
of  Htones  across  the  water-way,  and  thus  increase  the 
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head  of  tlie  current  under  the  other  arches,  which  wa« 
necessary  for  tlie  purpose  of  driving  the  wheels  by  means 
of  which  a  considerable  part  of  the  water  required  for  the 
supply  of  the  City  was  still  raised.  Mr.  Smeaton's  recom- 
mendations were  adopted  as  the  most  advisable  course 
to  be  pursued  under  the  circumstances  ;  and  horses,  carts, 
and  barges  were  at  once  set  to  work,  and  the  stones 
were  tumbled  into  the  stream  at  the  base  of  the  tottering 
piers.  By  these  means  the  destruction  of  the  foundations 
was  temporarily  stayed,  and  the  process  of  patching  up 
the  old  bridge  went  on  from  time  to  time  for  sixty 
years  more,  imtil  it  was  at  length  eflFectually  remedied 
by  the  erection  of  the  present  structure. 

In  coimection  with  the  works  at  Old  London  Bridge, 
Mr.  Smeaton  also  fuiTiished  a  design  for  a  new  pumping- 
engine,  which  was  placed  in  tlie  fifth  arch,  and  worked 
by  the  rise  and  fall  of  the  tide.  Before  the  invention  of 
the  steam-engine,  this  was  an  economical  though  an 
irregular  method  of  obtaining  motive  power.  The  same 
tides  that  lifted  great  ships  up  the  river  and  let  them 
down  again  twice  in  each  day,  then  drove  pumping- 
engines  and  even  Hour-mills — the  driving-wheels  turning 
one  way  as  the  tide  rose  and  another  as  it  fell.*  This 
power  was,  however,  shortly  superseded  by  tlie  still 
more  economical  power  of  steam  :  for  the  steam-engine, 
though  involving  a  considerable  expenditure  of  coal, 
proved  cheaper  in  the  end,  because  it  was  so  much 
more  ceii:ain,  regular,  and  expeditious  than  the  natiu^l 
power  of  the  tides. 

The  bridges  erected  after  Mr.  Smeaton's  original  de- 
signs, were  those  of  Perth,  Coldstream,  and  Banff;  the 
only  one  which  he  erected  in  England  being  at  Hex- 
ham, in  Northumberland,  which  proved  a  failure.  He 
was  consulted  about  the  new  bridge  at  Perth  as  early  as 
the  year  1763,  when  he  visited  the  place,  fixed  upon  the 
best  site  for  the  structure,  and  afterwards  furnished  the 

'  *  Encyclo])o<Ua  Metropolitana/  vol.  vii.,  p.  139. 
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design  which  was  carried  into  effect.  The  river  Tay 
being  subject  to  sudden  floods — in  one  of  which  a  former 
bridge  had  been  swept  away — it  was  necessary  to  take 
every  precaution  with  the  foundations,  which  were  got 
in  by  means  of  coffer-dams.  That  is,  a  row  of  piles  was 
driven  into  the  bed  of  the  river,  on  which  a  quantity  of 
"gravel  and  even  mould  earth  mixed  together"  was 
thrown  in  all  round  the  piles,  wdth  a  view  to  render  the 
enclosed  space  imperv  lous  to  water.  Pumping  power 
was  then  applied,  and  the  bed  of  the  river  laid  dry 
witliin  the  coffer-dam  thus  formed,  after  which  the 
gravel  or  clay  was  dug  out  to  a  proper  depth,  until  a 
solid  foundation  was  secured  for  the  piers.  Piles  were 
driven  into  the  earth  imder  the  intended  foundation- 
frame,  and  the  building  proceeded  upward  in  the  usual 
way.*  The  bridge  is  a  handsome  structure,  consisting 
of  seven  principal  arches,  and  is  about  900  feet  in 
length,  including  the  approaches.  It  was  completed 
ami  opened  for  traffic  in  1772,  and  has  proved  of  great 
service?  to  tlie  locality. 

Smeaton's  employment  at  Perth  on  this  occasion  in- 
tnxluced  him  to  a  considerable  amount  of  engineering 
business  in  tlie  North.  He  was  consulted  at  Edinburgh 
res| meeting  the  improved  supply  of  water  for  tliat  city, 
and  at  (rlasgow  about  tlie  security  of  its  old  bridge. 
Hut  the  most  im})ortant  work  on  which  he  was  employed 
in  Scotland,  about  this  time,  was  the  designing  and  con- 
struction of  the  Forth  and  Clyde  Canal  for  connect- 
\u*^  the  navigation  of  the  eastern  and  western  seas. 
The  success  of  the  Duke  of  Bridgewater's  Canal  had 
directed  public  attention  in  all  parts  of  the  kingdom  to 
the  formation  of  similar  lines  of  internal  conmiunica- 
tion  ;  and  the  movement  had  also  extended  to  Scotland. 

•    It    iiiay    U'    worthy   of    roniark  from  Kii^larnl  to  coiuliict  tl»o  w<>rkH, 

that  Jolin  (iwiii,   the  {wrson  rtcoin-  Htipulatiiis;  tluit  they  shouM  cjich  n*- 

m«tni«^l  hy  Mr.  Snieaton  to  con<luct  Cfive   \va<;e8   at    the    nitc    of    14«.   a 

tl,#'  trill  1ii»riii^  for  the  foun<iation»,  woi'k. 
t<«»k   with  hirn  two  pxiiorifiic«"«l  mm 


58  FORTH  AND  CLYDE  CANAL.  Part  VL 

James  Watt,  then  carrying  on  a  small  business  as  a 
mathematical  instnunent  maker  in  Glasgow,  had  been 
employed  to  Burvcy  a  "  ditch  canal,"  of  a  very  limited 
capacity,  by  a  round-about  route,  through  the  Perthshire 
lochs;  but  his  genius  being  as  yet  unrecognised,  the 
projectors  thought  it  desirable  to  call  in  an  engineer  of 
higher  standing,  and  Smeaton  was  consulted  by  them  in 
1764.  He  had  before  been  employed  to  examine  the 
Grand  Trmik  line,  as  surveyed  by  Brindley,  and  his 
report  on  the  subject  was  regarded  as  a  very  able  one. 
Brindley  was  also  advised  with  respecting  the  Forth  and 
Clyde  scheme,  but  his  time  was  so  much  occupied  by  the 
projects  which  he  was  engaged  in  carrying  out  in  the 
western  counties  of  England,  that  he  could  not  under- 
take the  working  survey  ;  and  it  was  accordingly  placed 
in  the  hands  of  Mr.  Smeaton.  As  early  as  the  year 
17G4,  we  find  him  reporting  upon  the  several  schemes 
which  had  been  proposed  for  connecting  the  Forth  with 
the  Clyde,  and  advocating  the  plan  which  in  his  judg- 
ment was  the  best  calculated  to  corry  out  the  intentions 
of  the  projectors.  He  declared  himself  strongly  in 
favour  of  forming  the  most  direct  line  across  the  country 
between  the  two  Friths,  of  such  a  capacity  as  to  accom- 
modate vessels  of  large  burden.  Lord  Dundas,  the 
leading  promoter  of  the  scheme,  adopting  the  view  put 
forward  by  Mr.  Smeaton,  took  the  requisite  steps  to 
obtain  an  Act  authorizing  the  constniction  of  the  Forth 
and  Clyde  Canal,  which  passed  accordingly,  and  the 
works  were  commenced  in  1768.  The  canal  nms  almost 
parallel  with  the  line  of  the  wall  of  Antmiinus,  built  by 
the  Romans  to  restrain  the  incursions  of  the  Caledonian 
tribes,  some  vestiges  of  which  are  said  to  be  still  trace- 
able near  Port  Dundas,  the  point  at  which  the  main 
canal  joins  the  Clyde,  a  few  miles  below  Glasgow.  It 
is  about  38  miles  in  lengtli,  and  includes  39  locks,  with 
a  rise  of  156  feet  from  the  sea  to  the  summit  level.  It 
was  one  of  the  most  difficuh  works  of  the  kind  which 
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had,  up  to  that  time,  been  constructed  in  the  kingdom ; 
tlie  engineer  having  to  encoimter  rocks  and  quicksands ; 
the  canal  in  some  places  passing  over  deep  rivers,  in  others 
along  embankments  more  than  twenty  feet  high.  It 
crosses  many  roads  and  rivulets,  and  two  rivers,  the 
Luggie  and  the  Kelvin, — the  bridge  over  the  latter  being 
275  feet  in  length  and  68  feet  in  height.  The  depth  of 
the  canal  was  8  feet,  and  vessels  of  19  feet  beam  and 
08  feet  keel  were  capable  of  easily  passing  along  the 
navigation  between  the  east  and  west  coasts.  Although 
the  total  cost  of  the  undertaking  was  estimated  at  only 
alwHit  150,000/.,  and  the  important  uses  of  the  navigation 
were  unquestionable,  the  greatest  difficulty  was  experi- 
i*nct*d  in  raising  the  requisite  funds  ;  and  long  before  the 
c-iuial  could  be  opened  to  the  Clyde,  the  works  came  to  a 
complete  stand-still.  Twenty  years  passed  before  the 
money  could  be  raised  to  finish  them,  and  this  was  only 
i-ffected  by  the  aid  of  a  public  grant.  At  length  the 
c-jiTial  was  opened  in  1790,  having  been  finished  by  Mr. 
Whitworth  (one  of  Brindley's  pupils),  and  the  opening 
<  »f  the  communication  between  the  eastern  and  western 
s4.»;us  wa*s  celebrated  with  great  rejoicings, — the  Chairman 
of  the  Canal  Committee  symbolically  performing  tlie  feat 
by  launching  a  hogshead  of  water  brought  from  the 
Forth  into  the  Clyde. 

Mr.  Smeaton  was  next  employed  to  build  a  bridge 
across  the  Tweed  at  Coldstream.  He  furnished  several 
disigiis,  and  that  eventually  selected  by  the  trustees  was 
rx<Tnte<l  under  his  su}x^rintendence.  It  consisted  of  five 
|»rinci|»fil  arches  of  the  segment  of  a  circle,  the  centre  one 
U-ing  Hi)  feet  8  inches  from  ])ier  to  pier;  the  two  next, 
«iO  feet  5  inches ;  and  the  two  land  or  side  arches,  58  feet. 
The  design  presents  no  features  worthy  of  special  notice, 
nor  was  any  unusual  <lifficulty  ex}X)rienced  in  getting  in 
the  foundations.  The  piers  were  founded  on  piles  driven 
de<*p  into  the  Ijottom  of  the  river ;  and  the  building, 
where  l»eneath  the  level  of  the  stream,  was  carried  on,  as 
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at  Perth,  witliin  coffer-dams.  To  give  additional  pro- 
tection to  the  piers  during  winter  time,  when  heavy- 
floods  sweep  do^vn  the  valley  of  the  Tweed,  they  were 
surromided  by  strong  sheet-piling,^  as  well  as  by  rubble 
slopes  pointing  up  stream.  The  bridge  was  finished  at 
a  total  cost  of  about  6000/.,  and  was  opened  for  carriage 
traffic  in  October,  1766,  having  been  rather  more  than 
three  years  in  building. 


(  .  .1  T'Sl  RKAM    BRID'jF,        [By  E.  M    Wtmix:riB.  after  a  drawing  by  J    S.  ScoUea] 

Whilst  engaged  on  his  engineering  business  in  Scot- 
land, Mr.  Smeaton  formed  the  acquaintance  of  Dr.  Roe- 
buck, the  enterprising  but  eventually  unfortunate  pro- 
jector of  the  Carron  Iron  Works  near  Falkirk.  That 
gentleman  was  one  of  the  first  who  attempted  to  develope 
tlie  iron  trade  of  Scotland,  since  become  so  important, 
lie  was  then  engaged  in  the  double  task  of  carrying  on 


*  Sheet-}  ilinjT  consists  of  a  row  of 
timbers  driven  firmly  side  hy  side 
into  the  earth,  and  is  used  for  the 
j)n)teeti(»n  of  foundation-walls  or  piers 


from  the  effects  of  water.  Cast-iron 
is  now  employed  in  many  caan  for 
the  same  purix)se,  instead  of  timber. 
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iron  works  at  Carron  and  working  coal  mines  at  Borrow- 
Htonness.  Dr.  Roebuck  was  a  man  full  of  expedients,  and 
possessed  an  uncommon  knowledge  of  mechanics  for  his 
time.  Smeaton  was  a  kindred  spirit,  whom  he  very 
early  sought  out  and  invited  to  liis  house  at  Kinneil, 
near  Bon'owstonness,  for  the  purpose  of  consulting  him 
as  to  the  piunping  machinery  of  his  mines,  and  the  vari- 
ous arrangements  of  his  iron  manufactory  at  Carron. 
Dr.  Roebuck  was  one  of  the  first  to  employ  coal  in 
iron-smelting  on  a  large  scale,  and  for  that  purpose  he 
rtMjuired  the  aid  of  the  most  powerful  blowing  apparatus 
that  could  be  procured.  Mr.  Smeaton  succeeded  in  con- 
triving and  fixing  for  him,  about  the  year  17G8,  a  highly 
effective  machine  of  this  kind,  driven  by  a  water-wheel.* 
He  also  supplied  the  same  Company  ^vith  a  design  for  a 
double-boring  mill  for  cylinders  and  guns, — the  manu- 
facture of  carronades,  or  "  smashers,"  having  been  a  very 
early  branch  of  the  business  at  the  Carron  Works.  At 
the  same  time  he  pointed  out  how  the  water  power  of 
the  little  river  Carron  might  be  so  concentrated  and 
increased  by  damming,  as  to  work  the  apparatus  he 
contrived  with  the  greatest  possible  effect.  Smeaton 
was  afterwards  rei)eatedly  consulted  by  the  Carron  Com- 
pany as  to  the  several  manufactures  carried  on  at  the 
works — such  as  the  making  of  shot-moulds,  the  best  form 
nf  sliilc-t-arriages  for  gims,  the  construction  of  furnaces, 
and  such  like  matters,  of  which  the  plans  and  descriptive 
details  are  to  be  found  in  his  published  reports.^ 

Another  fine  bridge,  of  which  Smeaton  furnished  the 
desi;rn  in  the  year  1772,  was  that  subse(|uently  erected 
over  the  river  Deveron,  near  the  town  of  Banff  in  Scot- 
land. It  is  of  seven  arches,  segments  of  circles,  and  is  of 
tin-  total  length  of  410  feet  between  the  abutments,  with 

•  Tlir  aiitiior  endeavoured    to  ob-  na,  it  csiniia  Ik*  iillox'tl — we  ciuiiui  be 

i«»iii  ;ifj  inspt-ction  of  thi«  lonj:;-di.suse<l  fsishwl  wi*  stni'm^ers  Iior*.'* 

^Pfanitiw,    for    the    purijoses  of   tliiH  *  *  lU*|)ortM  of  the  late  John  Siiu^i- 

vkork,   m  the  autiuiiii  of  1S5S  ;  but  tun,    F.H.S.'      In   ;]    vols.      London, 

*u*-   nply  of  the  manager  \v;i.s,  **  Na,  IH12.     Vol.  i.,  pp.  ').VJ-412. 
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a  roadway  twenty- feet  wide  over  all.  The  design  is 
similar  in  most  respects  to  those  of  the  bridges  previously 
erected  by  the  same  engineer  at  Perth  and  Coldstream ; 
and  the  beauty  of  its  situation,  in  the  immediate  vicinity 
of  Duff'  House,  the  mansion  of  the  Earl  of  Fife,  and  it« 
noble  surroimding  gromids,  renders  it  an  object  of  even 
greater  pictorial  interest.^ 

The  only  peculiarity  to  be  noted  in  the  designs  of 
Smeaton's  bridges,  is  the  circular  perforations  left  in  the 
spandrels  of  the  arches,  somewhat  after  the  method 
adopted  by  Edwards  at  Pont-y-Pridd,  and  in  sevenil 
Continental  bridges.  This  had  the  effect  of  lightening 
the  weight  which  pressed  upon  the  piers  and  their 
foundations,  and  was  doubtless  an  advantage.  He  also 
invariably  adopted  segmental  or  elliptical  in  preference 
to  semi-circular  arches,  probably  because  of  the  less  cost 
of  bridges  after  the  former  design.  Much  ability  was 
displayed  by  our  engineer  in  the  designing  of  his  centres, 
which  have  been  much  admired  for  their  strength  as 
well  as  economy  of  material. 

Smeaton  w^as  nmch  less  successful  in  the  construction 
of  his  only  English  bridge  than  he  was  with  his  Scotch 
ones.  He  was  called  upon  to  furnish  the  design  for  a 
structure  across  the  Tyne  at  Hexham,  in  1777,  and  a 
very  handsome  bridge  of  nine  arches  was  erected  after  it 
under  the  superintendence  of  Mr.  Pickemell,  the  resi- 
dent engineer.  It  had  scarcely  been  finished  ere  a  sub- 
sidence in  the  foundations  of  one  of  the  piers  took  place, 
which  was  attempted  to  be  remedied  by  sheet-pilmg 
and  filling  up  the  cavities  in  the  river  s  bed  with  rough 
nibble-stones.  But  it  appeared  that  the  foundations 
had  been  imperfectly  laid  from  the  beginning.  In 
the  si)ring  of  1782  a  violent  spate  or  flood  swept 
down  ihii  Tyne,  and  in  the  course  of  a  few  hours 
Smeatou's  beautiful  Hexham  Bridge  lay  a  wreck  in  the 
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bottom  of  the  river.  Writing  to  Pickemell,  he  said, — 
"  All  our  honours  are  now  in  the  dust !  It  cannot  now 
be  said  that  in  the  coiu-se  of  thirty  years'  practice,  and 
engaged  in  some  of  the  most  difficult  enterprises,  not 
one  of  Smeaton's  works  has  failed !  Hexham  Bridge  is 
a  melancholy  instance  to  the  contrary."  Thus  the  same 
engineer  who  had  founded  a  lighthouse  far  out  at  sea,  so 
finnly  as  to  bid  defiance  to  the  utmost  fury  of  the  waves, 
was  baffled  by  an  inland  stream.  "  The  news  came  to 
me,"  he  says,  "  like  a  thimderbolt,  as  it  was  a  stroke  I 
lesist  expected,  and  even  yet  can  scarcely  form  a  prac- 
tiail  belief  as  to  its  reality.  There  is,  however,  one 
cunscjlation  that  attends  this  great  misfortune,  and  that 
is,  that  I  cannot  see  that  anybody  is  really  to  blame,  or 
tliat  anybody  is  blamed  ;  as  we  all  did  our  best,  according 
to  wliat  appeared ;  and  all  the  experience  I  have  gained 
is,  not  to  attempt  to  build  a  bridge  upon  a  gravel  bottom 
in  a  river  subject  to  such  violent  rapidity."  The  fault 
conmiitted  seems  to  have  been,  that  Smeaton  was  satis- 
fied with  setting  his  piers  upon  a  crust  of  gravel  slightly 
l)eneath  the  bottom  level  of  the  river;  and  that  the 
increased  scour  of  the  stream  under  the  arches,  caused 
l>y  the  contraction  of  the  water-way,  had  washed  away 
the  bottom,  and  thus  undermined  the  work.  But  the 
founding  of  piers  in  deep  rivers  was  as  yet  very  imper- 
fectly understood ;  and  the  aii;  was  not  brought  to  its 
})erfeetion  until  the  time  of  Rennie,  who  went  down 
through  the  bed  of  the  river,  far  beneath  all  jx)ssible 
seour,  until  he  had  reached  a  solid  foundation,  which  he 
also  j)iled,  and  on  that  secure  basis  he  planted  the  strong 
niasonrv  of  his  piers. 

Among  his  various  works,  Smeaton  was  also  employed 
in  the  <lesigning  of  harbours.  With  the  exception,  how- 
ever, of  Ramsgate,  these  were  for  the  most  part  confined 
to  the  improvement  of  the  existing  aeeonnuodation.  At 
St.  Ives,  in  Cornwall,  where  he  formed  his  first  harbour, 
III    17UG,    natui-e     luul    provided    a    convenient    haven 
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enclo«ed  in  a  bay  between  two  headlands,  one  of  which 
was  fonned  by  "  the  Island,"  and  the  other  by  Penolver 
Point,  as  shown  in  the  annexed  plan.     It  was  thus  well 

protected  from 
the  north,  west, 
and  south,  and 
from  the  preva- 
lent storms  along 
that  coast,  which 
mostly  blow  fix)m 
a  south-westerly 
direction.  All 
that  was  w^anted 
to  give  shelter  for 
shipping  from  the 
remaining  quar- 
ters, the  east  and 
noiih-east,  was  the  provision  of  a  pier  running  nearly 
south  from  Castle  Point.  The  works  were  carried  out 
after  Smeaton's  design;  and  as  the  port  is  the  seat  of 
considerable  trade,  arising  from  the  pilchard  fishery  and 
the  mining  operations  of  the  country  inland,  the  faci- 
lities thereby  provided  for  shipping,  and  the  protection 
to  navigation  along  that  coast,  proved  of  great  advantage 
to  the  district. 

Our  engineer  was  also  consulted  respecting  numerous 
other  harbours  :  Whitehaven,  AVorkington,  and  Bristol, 
on  the  west  coast ;  Christchurch,  Rye,  and  Dover,  on 
the  south ;  and  Yannouth,  Lynn,  Scarborough,  and  Sun- 
derland, on  the  east ;  but  in  nearly  eveiy  case  want  of 
money  prevented  the  imj^rovements  suggested  by  him 
from  being  fully  carried  out.  This  was  pre-eminently 
the  case  at  Bristol,  where  tlie  merchants  gave  him  an 
unanimous  "vote  of  thanks"  for  his  rejx)rt  and  plan  for 
keeping  the  ships  at  the  quay  constantly  afloat  by  dock- 
ing the  river,  and  also  for  enlarging  the  harbour  by  a 
new  canal  through  Cannon's  Marsh.     But  nothing  was 


wr     IVfcH    UAKb  'L  K.      [iy  K    M    Wjiuper.N 


«loiie  ;  tlie  Bristol  vessels  continued  to  lie  uj3on  the  mud 
an<l  ^et  ''  hogged/'  and  a  considerable  time  elapsed  be- 
fore the  commercial  interest  became  alive  to  the  neces- 
sity of  improving  tlie  conveniences  of  the  harbour.  This 
\si\H  eventually  accomplished  by  William  Jessop,  a  pupil 
of  Smeaton's;  but  not  until  LiveiiKX)l  had  taken  the 
I<*ad  of  Bri8t/)1  among  the  western  |X)rts,  in  resj)ect  of 
tlie  convenient  accommodation  which  it  provided  for 
shipping,  as  well  as  its  more  ready  connection  with  the 
lK.*Ht  markets. 

The  [)rincipal  harbour  works  actually  executed  by 
Mr.  Smeaton  were  those  of  Ramsgate.  The  proximity 
of  this  harliour  to  the  Downs  and  the  mouth  of  the 
Thames  rendered  it  of  considerable  imjK)rtance  ;  and  its 
improvement  for  purposes  of  tnide,  as  well  as  for  the 
jJielter  of  distressed  vessels  in  stormy  weather,  was  long 
n*garde<l  as  a  matter  of  almost  national  imjM)i-tance. 
The  neighl>ourhrKHl  of  Sandwich  was  fii-st  proi)osed  for 
a   harliour  of  refiige   as  early  as   the   reign   of  Queen 
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Elizabeth,  and  the  subject  was  revived  in  succeeding 
reif*;ns.  In  1737,  Labelye,  the  architect  of  Westminster 
IJridge,  was  called  upon  to  investigate  the  subject ;  and 
ten  years  later,  a  committee  of  the  House  of  Commons, 
after  taking  full  evidence  and  obtaining  every  informa- 
tion, reported  that  "  a  safe  and  commodious  harbom*  may 
be  made  into  the  Do\mis  near  Sandowii  Castle,  fit  for 
the  reception  and  security  of  large  merchantmen  and 
shi})s  of  war,  which  woidd  also  be  of  great  advantage  to 


H.M-  OF  KAMSGAIK  AND  nAKDC'CR.     [(>rd nance  Survey.] 

the  naval  power  of  Great  Britain."  The  estimated  cost 
of  the  proposed  harbour  was,  however,  considered  too 
formidable,  although  it  was  under  half  a  million;  and 
the  project  lay  dormant  imtil  a  violent  storm  occurred 
in  the  l)o^^^ls  in  1748,  by  which  a  great  number  of 
shii)s  were  forced  from  their  anchors  and  driven  on 
shore.  Several  vessels,  however,  found  safety  in  the 
little  haven  at  Ramsgate,  which  was  then  only  used  by 
fisliennen,  the  whole  extent  of  its  har}x)ur  accommoda- 
tion consisting  merely  of  a  rough  rubble  pier.  This 
circumstance  seems  to  have  had  the  effect  of  directing 
attention  to  Ramsgate  as  the  proper  place  for  a  har- 


['<7  JoTTiVil  Skalton,  ■\fler  hi«  original  draw.fiA.] 


lM>ur  of  refiige  for  vessels  in  distress  from  bad  weather 
in  the  Downs.  The  Legislature  was  petitioned  on  tlie 
suhject,  and  an  Act  wa«  passed  in  1749,  enabling  a 
harlH)ur  to  be  constnicted  at  Ramsfi^ate.  A  large  numl)er 
of  plans  were  sent  in,  from  which  the  Trustees  made 
selections,  adopting  the  east  stone  pier  of  one  amateur, 
and  the  west  wooden  one  of  another.  The  plan  of 
the  east  pier  was  made  by  one  of  the  trustees,  and  that 
of  the  west  pier  by  a  captain  rcsident  at  Margsite. 
Whilst  the  works  were  in  progress,  the  Harbour  Tnistees 
pro|)osed  to  reduce  its  area,  and  consequently  the  extent 
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of  accommodation  for  shipping.  On  this  decision  becom- 
ing known,  the  shipping  interest  memorialised  Parlia- 
ment on  the  subject,  in  1755,  and  an  inspection  of  the 
works  was  ordered,  during  which  they  were  entirely  sus- 
pended, and  remained  in  that  statue  during  the  next  six 
years.  Differences  arose  between  the  officers  appointed 
by  the  Government  and  the  Harbour  Trustees  as  to  the 
plan  most  proper  to  be  carried  out.  At  length  the 
trustees  gave  way,  and  that  part  of  the  works  which 
had  been  executed  with  a  view  to  the  contraction  of 
the  harbour  was  taken  up,  and  the  piers  proceeded  in 
the  direction  originally  intended.  It  was,  however,  a 
matter  of  great  vexation  to  observe  that  even  while 
the  construction  of  the  piers  was  in  progress,  and  espe- 
cially when  they  were  canied  out  so  far  as  to  bend 
towards  each  other,  with  the  object  of  affording  the 
requisite  protection  to  the  shipping  within  them,  large 
quantities  of  sand  and  silt  began  to  collect  in  the  har- 
bour, threatening  to  choke  it  up  altogether.  This  accu- 
mulation of  silt  went  on  notwithstanding  every  effort, 
made  to  remove  it. 

At  this  jimcture,  in  1774,  Mr.  Smeaton  was  called 
upon  to  advise  the  Harbour  Board  as  to  the  steps  most 
proper  to  be  taken  in  the  matter.  After  a  careful 
examination,  he  ascertained  that  no  less  than  268,700 
cubic  yards  of  sand  and  mud  had  already  silted  up, 
every  tide  bringing  in  a  fresh  quantity  and  depositing 
it  in  the  still  water  of  the  harbour,  which  was  without 
any  natural  scour  to  carry  it  away.  He  accordingly 
recommended  a  plan  for  accomplishing  this  object  by 
means  of  sluices,  supplied  by  an  artificial  backwater. 
He  pointed  out  that  Ramsgate  Harbour,  having  a  sound 
bottom  of  chalk,  was  well  adapted  for  the  execution  ol 
this  scheme,  and  that  provided  the  silt  could  be  thus 
scoured  out,  the  tide,  running  cross-ways  upon  the  har- 
bour's mouth,  would  easily  carry  it  away.  Mr.  Smeaton 
accordingly  accompanied  his  report  with  a  plan  showing 
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the  details  of  his  design.  He  proposed  to  enclose  two 
spaces  of  four  acres  each,  and  to  provide  them  with 
nine  draw-gates  :  four  upon  the  westernmost,  and  five 
upon  the  easternmost  basin,  the  whole  being  pointed  in 
three  different  directions  :  two  towards  the  curve  of  the 
western  pier,  fom*  towards  the  harbom-'s  mouth,  and  three 
towards  the  curve  in  the  eastern  pier.  To  give  the  sluices 
all  possible  effect,  he  proposed  to  construct  a  caisson, 
shaped  something  like  the  pier  of  a  bridge,  which,  being 
floated  to  its  place,  and  then  sunk,  might  be  used  to 
direct  the  current  to  the  right  hand  or  the  left  accord- 
ing to  circumstances.  Several  experiments  having 
lx*en  made  with  a  lighter  filled  with  water  and  scuttled 
when  the  tide  was  out,  the  efficacy  of  the  scouring 
procress  was  thus  ascertained.  It  was  finally  resolved 
to  adopt  tlie  general  features  of  Mr.  Smeaton's  plan, 
though  it  was  not  earned  out  in  the  exact  manner 
designed  by  him.  But  it  was  shortly  found  that  the 
[process  of  sluicing  endangered  the  foimdations  of  the 
piers.  Our  engineer  was  accordingly  again  called  in, 
when  he  recommended  further  improvements,  including 
a  new  dock,  the  first  stone  of  which  was  laid  in  July, 
1 784.  In  the  course  of  the  excavations  numerous  springs 
wore  tapi>ed,  which  broke  through  the  pavement  with 
which  the  dock  had  been  laid,  and  Portland  blocks 
were  then  substituted  ;  but  this  not  proving  effectual, 
the  engineer  was  agjiin  sent  for,  and  from  that  time  for- 
ward the  execution  of  the  further  works  in  connection 
with  the  harl>our  was  placed  entirely  in  his  hands. 
The  dtK'k  was  rebuilt,  a  timber  floor  laid  in  the  most 
complete  manner  throughout,  and  an  additional  thick- 
ness given  to  the  walls;  the  east  pier  was  rebuilt  of 
stone,  and  carried  out  into  deep  water  to  a  further  extent 
of  .'J50  feet.  In  cairying  out  the  elongated  i)ier,  Smeaton 
first  emj)loyed  the  diving-ljell  in  building  the  founda- 
tions, making  use  of  a  square  iron  chest  weighing  about 
halt*  a  ton.     It  was  4  feet  6  inches  in  height  and  length, 
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and  3  feet  wide,  affording  room  for  two  men  to  work  in 
it ;  and  they  were  provided  with  a  constant  supply  of 
fresli  air  by  means  of  a  forcing  pump  placed  in  a 
boat  which  floated  above  them.  The  works,  when 
finished,  were  found  to  answer  remarkably  w^ell.  The 
harbour  included  an  area  of  forty-two  acres,  the  piers 
extending  1310  feet  into  the  sea,  the  opening  betw^een 
the  pier-heads  being  200  feet  in  width.  The  inner  basin 
is  used  as  a  wet  dock,  and  also  contains  a  dry  dock 
for  the  repair  of  ships.  With  its  many  defects,  and 
its  limited  depth,  the  harbour  is  nevertheless  the  best 
upon  that  coast,  and  in  stormy  weather  affords  a  refuge 
to  vessels  of  considerable  draught  of  water  that  run  for 
protection  there  at  tide  time. 


PLAN'  OF  EYEMODTH   HARBOUR 


Besides  the  harbours  constructed  or  improved  by 
him  at  different  points  of  the  English  coast,  Smeaton 
was  frequently  employed  during  his  Scotch  journeys  in 
inspecting  the  northern  harbours  and  advising  the  local 
authorities  as  to  means  of  increasing  their  security 
and  accommodation.  Thus  the  harbour  at  Aberdeen 
was  altered  after  his  plans  in  1770,  and  a  greater 
depth   of  water  was  secured  over  the  bar  and  in  the 
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ehamiel  of  the  river  Dee,  by  the  erection  of  tlie  old 
North  Pier,  and  other  additions  whicli  served  their 
purpose  until  the  enlarged  tmde  of  the  town  required 
tlie  more  am[)le  accommodation  hereafter  to  l)e  de- 
scribed in  the  Life  of  Telford.  He  also  inspected  and 
reported  on  the  harbours  of  Dmidee  and  Dunbar,  then 
of  very  limited  capacity,  and  seveml  imi)rovements 
of  a  minor  character  were  carried  out  by  his  advice. 
Tlie  smiill  harbours   of  Portpatrick    on  the  west,  and 


Kyernouth  on  the  east  coast,  were  C(jnstnicted  after 
his  plans ;  and  in  his  rejKjrt  on  Scarboroufrh  Pier, 
dated  Au}^ist,  1781,  he  states  that  they  had  "  piven 
♦•ntire  satisfaction."  IJoth  of  these  harlK)urs  were  in  a 
♦rreat  measure  fonned  by  nature,  and  the  improvoniont 
of  them  demanded  companitively  small  skill  on  the  part 
ot  th(i  enpneer.  lie  had  merely  to  follow  the  dircM-tion 
of  the  HK.'ks,  which  [uovided  a  natural  foundation  for 
his  j>iers  at  l>oth  j)laces.  Of  his  little  harbour  at  l\vt»- 
mouth   he  was   K<:)mewhat  proud,  as  it   was  one  of  the 
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first  he  constructed,  and  very  effectually  answered  its 
purpose  at  a  compamtively  small  outlay  of  money.  It 
lies  at  the  corner  of  a  bay,  opposite  St.  Abb's  Head,  on 
the  coast  of  Berwickshire,  and  is  almost  landlocked, 
excepting  from  the  north.  Smeaton  accordingly  carried 
his  north  pier  into  deep  water  for  the  purpose  of  pro- 
tecting the  harbour's  mouth  from  that  quarter,  as  well 
as  enlarging  the  accommodation  of  the  haven.  The 
harbour  was  thus  rendered  perfectly  safe  in  all  winds, 
and  proved  of  great  convenience  and  safety  to  the 
fishing-craft  by  which  it  is  chiefly  frequented. 

It  would  occupy  too  much  space  to  refer  in  detail  to 
the  various  other  public  works  on  which  Mr.  Smeaton 
was  employed  in  the  course  of  his  professional  career. 
There  was  scarcely  a  crazy  old  bridge  in  the  kingdom 
on  which  he  was  not  called  upon  to  report.  He  w^as 
consulted  respecting  canal  projects  almost  until  the  close 
of  his  life  :  amongst  others,  on  the  improvement  of  the 
Binningham  Canal,  the  Ure  Canal,  the  Dublin  Grand 
Canal,  and  various  other  schemes  of  the  same  sort.  He 
was  the  principal  authority  on  lighthouses,  and,  amongst 
othei-s,  he  erected  two  on  Spurn  Point,  at  the  entrance 
to  the  Humber,  between  the  years  1771-6,  which  were 
lighted  by  coal-fires  down  to  a  comparatively  recent 
j^eriod.  The  Government  consulted  him  respecting  their 
dockyards  at  PhTnouth  and  Portsmouth.  Water  com- 
panies consulted  him  as  to  water  supply,  and  landowners 
and  coalo^\^lers  as  to  the  best  method  of  dmining  their 
lands  or  working  their  mines.  He  was  called  upon  to 
design  many  weirs,  sluices,  and  dams,  and  his  dam  on 
the  Coquet,  north  of  Newcastle,  was  considered  one  of 
the  most  complete  works  of  its  kind. 

He  was  ready  to  supply  a  design  of  any  new  ma- 
chine, from  a  ship's  pump  or  a  fire-bucket  to  a  turning- 
lathe  or  a  steam-engine.  His  machinery  was  neatly 
designed,  and  he  was  veiy  particular  as  to  its  careful 
execution  and  finish.  The  water-pumping  engine  which 
he  erected  for  Lord  Ii-win,  at  Temple  Newsam,  near  his 
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own  house  at  Austhorpe,  to  pump  the  water  for  tlie 
supply  of  the  mansion,  is  an  admirable  piece  of  work- 
in;inship,  and  continues  at  this  day  in  good  working 
condition.  His  advice  was  especially  sought  on  subjects 
connected  with  mill-work,  water-pumping,  and  engineer- 
ing of  every  description — flour-mills  and  powder-mills, 
wind-mills  and  water-mills,  fiilling-mills  and  flint-mills, 
blade-mills  and  forge  hammer-mills.  From  a  list  left 
by  him  in  his  own  handwriting,  it  appears  that  he 
clcsigned  and  erected  forty-three  water-mills  of  various 
kinds,  Ijesides  numerous  wind-mills.  Water-power  was 
then  used  for  nearly  all  purposes  for  which  steam  is  now 
applied  :  such  as  grinding  flour,  sawing  wood,  boring 
and  hammering  iron,  fulling  cloth,  rolling  copper,  and 
driving  all  kinds  of  machinery.  Smeaton  also  bestowed 
much  j)atient  study  on  the  development  of  the  infant 
jMjwers  of  the  steam-engine.  In  order  to  investigate 
the  subject  by  experiment,  he  expressly  erected  a  model 
engine,  after  Newcomen's  principle,  near  his  house  at 
Austhoq^e ;  and  by  improving  it  in  all  its  armngemenis 
he  succeeded  in  rendering  it  as  complete  as  it  was 
jHissible  to  make  it ;  his  Chace water  engine  of  150-horse 
|M»wer  being  regarded  as  the  finest  and  most  |X)werful 
<»f  its  kind  wliich  had  until  then  l>een  erected.  In  this 
iuAd  t»f  invention,  however,  he  found  himself  jlistarfced 
by  Watt,  the  sujX3rior  merit  of  whose  condensing-engine 
— notwithstanding  the  time  and  labour  Smeaton  had 
U'stowed  on  the  improvement  of  Newcomen's — he  gene- 
rously acknowledged,  frankly  admitting,  after  he  had 
insjH'cted  Watt's  invention,  that  *' the  old  engine,  even 
when  made  to  do  its  l>est,  was  now  driven  from  every 
place  where  fuel  could  be  considered  of  any  value."  The 
fam<*  of  Smeaton,  therefore,  does  not  rest  upon  his  im- 
provements in  this  machine,  though  what  he  aceoin- 
pli.shed  in  bringing  out  the  full  ]M)wers  of  Xewcoinen's 
riigine  e;innot  fail  to  elicit  the  adnnratioii  of  the  prac- 
ti<-il  meehanic. 


SMKAI-oK'S    IIOl'sK    AT   AUH'jnOlUE 
[ly  iuiciv-il  dk(,-lton,  afltr  on  oiitinal  rjraw»ng  by  T.  SutchSTu,  l/eed«  ] 


CHAPTER    VI. 


Smeaton's  Private  Life — Death  and  Character. 

AViiiT.ST  Mr.  Smeaton  was  thus  extensively  employed  as 
an  engineer  throughout  the  three  kingdoms,  his  home 
continued  to  he  at  Austhorj)e,  near  Ijeeds,  where  he  had 
heen  horn.  The  mechanical  experiments  of  his  boyhood 
had  been  conducted  there,  as  were  also  those  of  his 
maturer  years.  His  father  had  allow^ed  him  the  privi- 
lege of  a  workshop  in  an  outhouse,  w^iich  he  long  con- 
tinued to  enjoy ;  after  which,  when  the  house  had 
become  his  settled  home,  he  erected  a  shop,  study,  and 
observatory,  all  in  one,  for  his  own  special  use.  The 
building  wjus  in  the  form  of  a  square  tower,  four  stories 
high,  standing  apart  from  his  dwelling,  on  the  opposite 
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side  of  the  yard,  as  represented  in  the  above  engraving. 
The  ground  floor  contained  his  forge  ;  the  first  floor  his 
lathe ;  the  second  his  models ;  the  third  was  his  drawing- 
room  and  study ;  and  the  fourth  was  a  sort  of  lumber- 
room  and  attic.  From  the  little  tuiTeted  staircase  on 
the  top,  a  door  opened  on  to  the  leads.  A  vane  was 
fixed  on  the  summit,  which  worked  the  hands  of  a  dial 
upon  the  ceiling  of  his  drawing-room,  so  that  by  raising 
his  head  he  could  at  any  moment  ascertain  precisely 
which  way  the  wind  blew. 

When  he  entered  his  sanctmn,  strict  orders  were  given 
that  he  was  not  to  be  disturbed  on  any  accoimt.  No 
one  was  permitted  to  ascend  the  circular  staircase  that 
led  to  his  study.  When  he  heard  a  footstep  below,  he 
would  call  out  and  inquire  what  was  wanted.  His  black- 
smith, Waddington,  was  not  allowed  even  to  announce 
himself,  but  was  ordered  on  such  occasions  to  wait  in  the 
lower  apartment  until  Mr.  Smeaton  came  down ;  and 
as  the  smith  was  equally  paid  for  his  time,  whether  he 
w;is  sitting  there  or  blowing  his  forge,  it  was  much  the 
fsmie  to  him. 

When  not  engaged  in  drawing  plans  or  writing 
rc|>orts,  much  of  the  engineer's  time  was  occupied  with 
astronomical  studies  and  observations.  Even  in  the 
height  of  his  professional  career,  and  when  fully  em- 
ployed, he  continued  to  indulge  in  this  solitary  plejisure, 
and  fur  many  years  was  a  regular  contributor  of  papers 
on  astronomicjil  subjects  to  the  Royal  Society,  of  which 
lie  was   a    Fellow.*      The    instruments  with  which  he 

The  following  are  the  [apere  rcatl    !    ing  the  heavenly  Ixxiies  out  of   the 


hy  liim  l)efi>re  the  Royal  Society,  in 
a^iiiitiou  to  tho0e  pruvioualy  men- 
tiff  if  ^li  : — *  I)i*x>ursc  concemin*^  the 
Mt-HHtnuil  Parallax,  arising  from  the 


meridian  ;*  rea<l  May  KJth,  17(58. — 
'Observation  of  a  SoLir  Eclipse,  maiie 
at  the  Observatory  at  Austhorfjo  ;' 
read  June  4th,  IKJO. — *  A  description 


munwl  gravitation  of  the  earth  and  |    of    a    new    hygrometer,    by    Mr.    J. 

nn«'ii,  iti*  intluenoe  on  the  oljHcrvation  |    Smeaton,  F.H.S. ;'   r(»ad  Manh  'Jlst, 

^^i  the  «un  an<l  pLuietii,  with  a  me-  1771. — *  An    rxi>eri mental    examina- 

th«-i  <»f  f»l»*«'rv'ing  it  ;    reail  Wfore  the  '    tion  of  the  ipiantity  and  pro[Hirtion  of 

I^-yal  Suciity  May  rith,  1768. — *l)e-  nu-chanio  i»ower  necii««iry  to  Ik'  em- 

•«'n)itifun  of  a  new  method  of  olisorv-  ploytnl   in  giving  dillerent  tlegn-es  of 
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was  accustomed  to  illusti-ate  his  papei's  were  of  the  most 
beautiful  workmanship,  all  made  by  his  own  hands, 
which  had  by  no  means  lost  their  cunning.  Indeed,  he 
was  nowhere  so  happy  as  in  his  workshop  amongst  his 
tools,  except,  it  might  be,  at  liis  own  fireside,  where  he 
was  all  but  worshipped. 

His  contrivances  of  tools  were  endless,  and  he  was 
perpetually  inventing  and  making  new  ones.  There 
are  large  quantities  of  these  interesting  relics  still  in 
existence  in  the  possession  of  tlie  son  of  his  blacksmith, 
who  lives  in  the  neighbourhood.  When  the  author 
lately  made  inquiry  after  them,  they  were  found  laid  in 
a  heap  in  an  open  shed,  covered  with  dirt  and  rust. 
One  article,  after  having  been  w^ell  scrubbed  with  a 
broom,  at  length  displayed  the  form  of  a  jack-plane,  the 
tool  with  which  Smeaton  himself  had  worked.  Picked 
out  from  the  heap  were  also  found  his  drill,  the  bow 
formed  of  a  thick  piece  of  cane  ;  his  trace,  his  T  square, 
his  augers,  his  gouges,  and  his  engraving  tools.  There 
was  no  end  of  curiously  aiTanged  dividers ;  pulleys  in 
large  numbers,  and  of  various  sizes ;  cog-wheels ;  brass 
hemispheres;  and  all  manner  of  measiu^ed,  drilled, 
framed,  and  jointed  brass-work.  His  lathe  is  still  in  the 
possession  of  Mr.  Mathers,  engineer,  Himslet  ;^  but  many 


velocity  to  heavy  bodies  from  a  state  mont  in  the  application  of  the  quad- 

of  rcst;'   read    April   25th,  177G. —  rant  of  altitude  to  a  celestial  glolx?, 

*New   liindanienUil   exjierinients   on  for  the  resolution  of    problems   de- 

thc  collision  of  bodies;'    read  April  .    |)endent  on   azimuth  and  altitude;' 


18th,  1782.—-*  Obscrvtit ions  on  the 
graduation  of  astronomicjil  iustni- 
nientsf  read  November  17th,  1785. — 
*  Account  of  an  observation  of  the 
light  ascension  and  declination  of 
Mercuiy  out  of  the  meridian,  near  his 
greatest  elongation,  ISeptemlKjr,  178G, 


read  November  20th,  1788.— *  De- 
scription of  a  new  hygrometer ;'  read 
before  the  same  Society. 

^  The  kthe  stands  on  three  legs, 
which  are  fastened  together  in  such  a 
way  that  they,  as  well  as  the  rest  of 
the  fnimework,  are  still  as  firm  as  if 


made  by  Mr.  John  Smetiton,  with  an  '    they  had  been  only  just  made,  and 

equatorial  micrometer  of  his  own  in-  yet  the  machine  has  been  in  use  ever 

ventiou    and    workman-sld]),    accom-  since   Smeaton  made  it.      The   fly- 

jKinied  with  an  investigation  of  a  me-  wheel   is  of  dark  walnut-wood,  and 

t hod  of  allowing  for  refraction  in  such  ,    slightly   incUnes   from    the    pcrpen- 

kind  of  i)l)sen'ations;'  read  June  27th,  dicular,  by  which  the  driving-cord  is 

1787. — *  Description   of  an  improve-  ,    alloweil   to  be  crossed  and   to  play 
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DEATH  AND  CHARACTER. 


SMEATON'S   LATHE. 


of  the  other  interesting  remains  of  the  great  engineer 
are  equally  worthy  of  preservation.  To  mechanics,  there 
is  a  meaning  in  every  one  of 
them.  They  do  not  resemble 
existing  tools,  but  you  can  see 
at  once  that  each  was  made 
for  a  reason ;  and  one  can 
almost  detect  what  the  con- 
triver was  thinking  about 
when  he  made  them  so  diffe- 
rent from  those  we  are  accus- 
tomed to  see.  Even  in  the  most 
trifling  matters,  such  as  the 
kind  of  wood  or  metal  used, 
the  direction  of  the  fibre  of  the 
wood,  and  such  like,  each  de- 
tail ha*s  been  carefully  studied. 
Much  even  of  the  household  furniture  iseems  to  have 
l»een  employed  in  their  fabrication,  possibly  to  the  occa- 
sional amazement  of  the  ladies  in  Smeaton's  house  over 
the  way.  We  are  informed  that  so  much  "  rubbish," 
as  it  wan  termed,  was  foimd  in  that  square  tower  at 
his  death,  that  a  fire  was  kindled  in  the  yard,  and  a  vast 
fiuantity  of  paj^ers,  letters,  books,  plans,  tools,  and  scraps 
of  all  kinds,  were  remorselessly  burnt. 

We  have  said  that  Smeaton  was  a  born  mechanic ; 
and  a  mechanic  he  remained  to  the  last.  He  contrived 
and  constructed  for  the  pure  love  of  it.  Among  the 
traditions  which  survive  about  him  at  AVhitkirk,  is 
this,  that  when  new  gates  were  erected  at  the  entrances 
to  Temple  Newsam  Park,  near  his  house  at  Austhorpe, 
he  volunteered  to  supply  the  designs,  and  they  were 
made  and  hung  after  his  plans.  The  people  of  the 
neighlx)urhood,  however,  think  his  most  wonderful  work 


with  a  cnvatcT  «'uuount  of  frictiun  on 
thi-  other  whwig.  The  metal- work 
it  '»f  Unuw,  inm,  ami  steel,  all  nicelv 


fmisheti ;  ami  the  wlu4e  is  very  com- 
pact, curious,  ami  thoroughly  Smea- 
ton-like. 
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is  the  ingenious  hydraulic  ram,  by  means  of  which  the 
water  is  still  raised  in  the  grounds  of  Temple  Newsam. 
His  pursuits  in  his  workshop,  and  at  his  desk,  were 
varied  by  visits  to  his  blacksmith's  shop.  One  of  his 
principal  objects,  on  such  occasions,  was  to  experiment 
upon  a  boiler, — the  lower  part  copper  and  the  upper 
part  lead, — whicli  he  had  fitted  up  in  an  adjoining  build- 
ing, for  the  purpose  of  ascertaining  the  evaporative 
power  of  diiferent  kinds  of  fuel,  and  other  points  con- 
nected witli  the  then  little  imderstood  question  of  steam 
power.  He  was  on  very  familiar  terms  with  the  smith, 
and  if  he  thought  him  not  very  handy  about  a  piece  of 
work  he  was  engaged  upon,  he  would  take  the  tools  him- 
self and  point  out  how  it  should  be  done.  One  of  the 
maxims  wliich  he  frequently  quoted  to  his  smith  was, 
*'  Never  let  a  file  come  where  a  hammer  can  go." 

Wlien  getting  work  done  in  other  parts  of  the  coimtry, 
if  a  workman  appeared  to  him  unhandy,  or  at  a  loss  how 
to  proceed,  he  would  pass  him  on  one  side,  take  up  the 
tools,  and  finish  the  piece  of  work  himself.  "  You  know, 
Sir,"  observed  tlie  son  of  Smeaton's  blacksmith,  still 
living,  "  workmen  didn't  know  much  about  drawings 
at  that  time  a-day,  and  so  when  Mr.  Smeaton  wanted 
any  queer-fangled  thing  making,  he'd  cut  one  piece  out 
o'  wood,  and  say  to  my  father,  *  Now,  lad,  go  make  me 
this.'  And  so  on  for  ever  so  many  pieces;  and  tlien 
he'd  stick  all  those  pieces  o'  wood  togetlier,  and  say, 
^*^ow,  lad,  thou  knows  how  thou  made  each  part,  go 
mak  it  now  all  in  a  piece.'  And  I've  heard  my  father 
say,  'at  he's  often  been  cap't  to  know  how  he  could  tell 
so  soon  when  owt  ailed  it,  for  before  ever  he  set  his  foot 
at  t'  bottom  of  his  twisting  steps,  or  before  my  father 
could  get  siglit  of  his  face,  if  t'  iron  had  been  wrong, 
thear'd  been  an  angry  word  o'  some  sort,  but  t*  varry 
next  words  were,  '  Why,  my  lad,  thou  s'ud  a'  made  it  so 
and  so  :  now  go  mak  another.'  " 

Mr.  Smeaton's  i)rofessional  engagements  necessarily 
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called  him  frequently  to  London,  where  he  spent  part  of 
every  year,  occupying  chambers  in  Gray's  Inn.  He 
had  joined  his  friend  Mr.  Holmes,  in  1771,  in  the  pro- 
prietorship of  the  works  for  supplying  Deptford  and 
(Jreenwich  with  water,  which  also  required  his  presence 
in  town,  and  he  devoted  considerable  attention  to  the 
requisite  mechanical  arrangements.  On  the  occasion  of 
his  visits  to  London,  it  was  a  source  of  great  pleasure 
to  him  to  attend  the  meetings  of  the  Royal  Society, 
a.s  well  as  to  cultivate  a  friendship  with  the  distin- 
guished meml)er8  of  the  Royal  Society  Club.^  He 
was  also  a  frequent  witness  before  committees  of  both 
Houses  of  Parliament  ^  in  support  of  bills  for  authorising 
the  construction  of  bridges,  canals,  and  water-works; 
and  was  acciLstomed  on  such  occasions  to  give  his  evi- 
dence in  a  modest,  simple,  and  straightforward  manner, 
which  is  calculated  to  win  confidence  and  respect  far 
more  than  that  glib  and  unscrupulous  style  which  has 
since  l)ecome  the  fashion.  Moreover,  he  was  known  to 
Ije  a  most  conscientious  man,  and  that  he  would  not  ex- 
press an  opinion  on  any  subject  imtil  he  had  thoroughly 
mastered  it. 

During  the  time  spent  by  Mr.  Smeaton  in  town,  he 
was  accustomed  to  meet  once  a  week,  on  Friday  even- 
ings, in  a  sort  of  club,  a  few  friends  of  the  same  call- 
ing,— canal-maifcrs,  bridge-builders,  and   others  of  the 


*  JameH  Watt  writes  :   "  When  I    I    *  Our  Exemplars,'  that  "  Smeaton  was 
waA  in  I»n<lon  in  1785, 1  was  received       for  several  years  an  active  member  of 


vtn'  kin<lly  by  Mr.  Cavendish  and 
I>r.  BlA«;dfn,  and  my  old  friend 
Sim-atnn,  who  has  rL-covered  his 
hctilth,  an<l  seems  hearty.  I  dined 
at  a  turtle  feast  with  them,  and  the 
ftAeci  (Mub  of  the  Royal  Society ;  and 
n«'ver  was  turtle  eaten  with  greater 


Parliament,   and    many   useful    bills 

are  the  result  of  his  exertions 

His  8i)eeches  were  always  heanl  with 
attention,  and  carried  conviction  to 
the  minds  of  his  auditors."  This 
must,  however,  be  a  mistake,  as 
Smeaton   was  never   in    Parliament, 


K»briety  and  temperance,  or  more  good  '  except  for  the  puq>osc  of  giving  en- 

(<dl4)wi*hin.'' — *  Kiso   and    Pix)gre88   of  gineering  evidence  Ix'tbre  ccMiimittees ; 

the  R<»yal  Society  Club.'    1860.  .  and,  instej\<l  of  being  el«x|uent,   Mr. 

'  It    is  niaU%\   in   a   recent   work,  ,  Play  fair    sjiys   he   wjus   very   emlwr- 

olite*!  by  the  learned  Recorder  of  Hir-  rassixl  even  in  his  ordiimry  conversa- 

min^uun,  M.  I>.  Hill,  Esq.,  entitled  i  tion. 


80  SM  EATON'S  PRIVATE  LIFE—  Part  VI. 

class  tlieii  bcfi^inning  to  be  known  by  the  generic  term 
of  Engineers.  The  place  of  meeting  was  the  Queen's 
Head  Tavern  in  Holborn ;  and  after  they  had  come 
together  a  few  times,  the  membci*s  declared  themselves 
a  Society,  and  kept  a  register  of  membership, — free 
social  conversation  on  matters  relating  to  their  business 
being  the  object  of  their  meetings.  Some  personal  dis- 
agreement, however,  occm-ring,  through  the  offensive 
behaviour  of  one  of  tlie  meml)ei's,  Mr.  Smeaton  withdrew 
from  the  club,  which  came  to  an  end  in  1792.  Mr. 
Holmes  says  of  him,  that  though  of  a  very  kindly  and 
genial  nature,  he  was  occasionally  abnipt,  and,  to  those 
who  did  not  know  him,  apparently  harsh  in  his  manner ; 
and  that  he  would  sometimes  break  out  hastily  when 
anything  was  said  that  did  not  tally  with  his  ideas,  not 
being  disposed  to  yield  upon  any  point  on  which  he 
argued  imtil  his  mind  was  convinced  by  sound  rea- 
soning.^ 

Mr.  Smeaton  earned  a  fair  income  by  the  pmctice  of 
his  profession ;  but  he  was  no  worshipper  of  money. 
Though  he  had  an  insatiable  appetite  for  work,  and  w^ae 
occupied  in  useful  pursuits  from  youth  to  old  age,  his 
pecmiiary  wants  were  most  moderate.  Those  were  not 
the  days  when  great  fortimes  were  to  be  made  by  en- 
gineering; and  Mr.  Smeaton  was  satisfied  to  be  paid 
two  guineas  for  a  full  day's  work.  Moreover,  he  refused 
new  engagements  rather  than  imj^erfectly  perform  what 
he  had  already  undertaken.  He  also  limited  his  profes- 
sional em})loyment,  that  he  might  be  enabled  to  devote 
a  certain  poi-tion  of  his  time  to  self-improvement  and 
scientific  investigation.  The  maxim  which  governed  liis 
life  was,  that  "  the  abilities  of  the  individual  were  a  debt 
due  to  the  ccmunon  stock  of  public  well-being.'*  This 
high-minded  principle,  on  which  he  faithfully  acted, 
kept  him  free  from  sordid  self-aggrandisement,  and  he 

'  Mr.  HolincsV  *  Short  Narmtivo/  p.  15. 
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had  no  difficulty  in  resisting  the  most  tempting  offers 
which  were  made  to  attract  him  from  his  own  settled 
course.  When  pressed  on  one  occasion  to  imdertake 
some  new  business,  and  the  prospect  of  a  lucrative 
recompense  was  held  out  to  him,  he  called  in  the  old 
woman  who  took  charge  of  his  chambers  at  Gray's  Inn, 
and  pointing  to  her  said,  "  Her  attendance  suffices  for  all 
my  wants."  If  m-gently  called  by  duty,  he  was  ready 
with  his  help ;  but  he  would  not  be  bought.  When  the 
Princess  Dashkoff*  urged  him  to  go  to  Kussia  and  enter 
tlie  service  of  the  Empress,  she  held  out  to  him  very 
tempting  promises  of  reward.  But  he  refused :  no 
money  would  induce  him  to  leave  his  home,  his  friends, 
and  his  pui^suits  in  England ;  and,  though  not  rich,  he 
lia<l  enough  and  to  spare.  "Sir,"  exclaimed  the  Prin- 
cvRs,  unable  to  withhold  her  admiration,  "  I  honour  you ! 
You  may  have  your  equal  in  abilities  j^erhaps ;  but  in 
character  you  stand  alone.  The  English  minister.  Sir 
Robert  Waljx)le,  was  mistaken,  and  my  Sovereign  has 
the  misfortune  to  find  one  Man  who  has  not  his  price."  * 
Influenced  by  the  same  spirit,  Mr.  Smeaton,  towards 
the  cl<>se  of  his  life,  believing  that  he  should  be  rendering 
a  service  to  his  country  by  publishing  an  account  of  the 
various  works  in  which  he  had  been  engaged  as  an 
iMigineer,  endeavoured  to  avoid  a*s  much  business  as  he 
o»nsistently  could  to  devote  himself  to  that  work,  and 
eventually  detennined  to  retire  altogether  from  the  profes- 
sion ;^  but  the  only  jK^rtion  that  he  lived  to  complete  was 


'   L*'tti*r    writU'U    by   Mn*.    Dixon,    \    of  Years  to  the  bitoine*  of  a  Civil  Engineer, 

.Uii;:htcT  ot  thiM'njniiCvr,  to  the  Coin-  ^^    wi^Jies   aie  now  to  dedicate  the  rhief 

UiWXi.^'  of  Civil  EnjpnwrH,  <lftte«l  30th  1*^  of  hi^  lenwiining  Time  to  the  DescTii- 

i  »<  toU-r,  ITUT,  n,-Utive  to  the  life  and  ♦j""/:''  ^^  ^«^'«J?i  ''\'''^^  i*erfurm..l  under 

ctuinutor   of   her  <U-cc««tHl    father.-  r^Jf^'r-u    ,^    Ty     "\^^  ^^^i  •'yr 

^         .      •    »  1,        _^    «       I    •  »>o  Iwhed  of  tlie  Building  of  Kddystone  Light- 

>nH-at.K.  «     Hq  o^t^   vol.  I     p.  28  ^^^^  ^,^  ^^^^^^^  ^  ^^  ^,,  tilvourahiy  .e- 

•  A    year    liefore    hw   death,    Mr.  ^i,.„,^  ^j^^^  j^  ^^  prsu^ulel  he  cumot  U. 

>m#'at«.ii   foraially  t«>ok   leave  ol   the  of  mure  wrvi.e  t*.  the  Puhli*,  or  ^how  a 

I'p.ft^ion  in  the  lollowinji  circular:—  gutter    Sease    of   hin    (Jratitude,    th:ni    to 

-  Mr.  Sairatofi  Lrgji  leave  ti»  iufoim  htM  i-outinue  to  employ  hintself  in  tlwi  \v;«y  n«»\v 

f:irs«l«    uvl    \\v    Public    in  general,  tluit  mwriHeil.       He    therefore    tlatt«MK    hiniM-if, 

h-iT.j,g  a|i^4^1  him^«*lf  for  »  gieat   ntunU>r  tluit  in  not  yielding  t«i  the  many  ap|ili«".»- 
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his  Nan-ative  of  the  construction  of  tlie  Eddystone  Light- 
house. Indeed,  he  states  that  he  found  the  task  of  de- 
scribing tliis  work  even  more  difficult  than  that  of  erecting 
it,  and  he  consequently  seems  to  have  become  inordinately 
impressed  with  a  sense  of  the  importance  of  literary  com- 
position, lie  very  naively  observes  in  the  Preface  :  "  I 
am  convinced  that  to  write  a  book  tolerably  well  is  not  a 
light  or  an  easy  matter ;  for,  as  I  have  proceeded  in  this 
work,  I  have  been  less  and  less  satisfied  with  the  execu- 
tion. In  tnith,  I  have  found  much  more  difficulty  in 
writing  than  I  did  in  building,  as  well  as  a  greater  length 
of  time  and  application  of  mind  to  be  employed.  I  am 
indeed  now  older  by  thirty-five  years  than  I  was  when  I 
first  entered  on  that  enterprise,  and  therefore  my  faculties 
are  less  active  and  vigorous ;  but  when  I  consider  that  I 
have  been  employed  full  seven  years,  at  every  oppoiiu- 
nity,  in  forwarding  this  book,  having  all  the  original 
draughts  and  materials  to  go  upon,  and  that  the  produc- 
tion of  these  original  materials  as  well  as  the  building 
itself  were  despatched  in  half  that  time,  I  am  almost 
tempted  to  subscri.be  to  the  sentiment  adopted  by  Mr. 
Pope,  that  '  Nature's  chief  masterpiece  is  \^Titing  well.' 
It  is  trae  that  I  have  not  been  bred  to  literature,  but  it  is 
equally  true  that  I  was  no  more  bred  to  mechanics :  we 
must  therefore  conclude  that  the  same  mind  has  in  reality 
a  much  gi^eater  facility  in  some  subjects  than  in  others." 
Smeaton's  stoiy  of  the  Eddystone  Lighthouse  is,  how- 
ever, told  in  a  very  effective  manner.  It  possesses  an 
interest  almost  dramatic,  exhibiting  a  contest  between  a 
strong,  skilled,  and  determined  man,  and  the  most  tre- 
mendous forces  of  nature.  It  is  truly  observed  by  the 
late  Lord  P^llesmere,  in  his  '  Essays  on  Engineering,'  that 
bloody  battles  have  been  won,  and  campaigns  conducted 
to  a  successful  issue,  with  less  of  personal  exposure  to 

tions  made  to  him  lately  for  fiiithcr  I'lider-  much   Time,  he  shall  not  incur  the  Dis- 

takings,  but  rontininp  himself  in  futuie  to  approbation  of  hi»  FriemlK. 
the  Obj^Mts  n\to\p  mentione<l,  {in«l  to  smh  "  (iray'«  Inn,  6th  October,  1791. " 

occasional  Consultations  as  will  not  take  up 
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physical  danger  on  the  part  of  the  commander-in-chief 
tham  was  constantly  encomitered  by  Smeaton  during  the 
greater  part  of  those  years  in  which  the  lighthouse  was 
in  coiu-se  of  erection.  In  all  works  of  danger  he  himself 
led  the  way — was  the  first  to  spring  upon  the  rock  and 
the  last  to  leave  it ;  and  by  his  own  example  he  inspired 
with  courage  the  humble  workmen  engaged  in  carrying 
out  his  plans,  who,  like  himself,  were  unaccustomed  to 
the  special  terrors  of  the  scene. 

The  portrait  prefixed  to  this  volume  gives  a  good 
representation  of  Mr.  Smeaton's  countenance,  the  ex- 
pression of  which  was  gentle,  yet  shrewd.  In  person 
he  was  of  a  middle  statm-e,  broad  and  strong  made,  and 
jx)8se88ed  originally  of  a  vigorous  constitution.  In  his 
manners  he  was  simple,  plain,  and  unassuming.  He 
had  the  bluntness  and  straightforwardness  of  speech 
which  usually  mark  the  north-countryman,  and  never 
acquired  that  suavity  and  polish  which  are  more  com- 
mon amongst  educated  men  in  om*  southern  districts. 
He  spoke  in  the  dialect  of  his  native  county,  and 
was  not  ashamed  to  admit  it.*  Yet  he  mixed  in  good 
Hociety  when  in  town,  though  his  diffidence,  as  well  as 
his  reluctance  to  bestow  too  much  time  on  social  enjoy- 
ment, caused  him  to  contract  his  circle  as  his  professional 
engagements  increased.  His  daughter  has  related  the 
anecdote  of  his  meeting  on  one  occasion  with  the  Duke 
and  Duchess  of  Queensberry,  which  led  to  a  pleasant 
intercourse  with  that  family.  Mr.  Smeaton  was  walking 
with  his  wife  in  Ranelagh  Gardens — the  fashionable 
j>lace  of  resort  at  that  time — when  he  observed  an 
elderly  lady  and  gentleman  fix  their  marked  attention 
upon  him.  At  length  they  came  up,  and  the  lady,  who 
proved  to  be  the  eccentric  Duchess  of  Queensberry,  said 


*  In  the  PrcijM»  to  his  Ecldystone  to   luy   friends    in    tlie   country   for 

Narrative  he  says  :  "As  I  8|x»k  an<l  iH-nwing  ami   abundantly   correcting 

write  ft  provincial  language,  and  wan  my  nianubcript.** 
iMft  \)TtA  to  Ictteni,  1  am  great  iy  (>blige<l 
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t<)  Mr.  Srrieaton,  "  Sir,  I  do  not  know  who  you  are  or 
what  you  are ;  but  so  strongly  do  you  resemble  my  poor 
dear  Gay  (the  poet),  that  we  must  be  acquainted.  You 
shall  go  liome  and  sup  with  us ;  and  if  the  minds  of  the 
two  men  accord,  as  do  the  countenances,  you  will  find 
two  cheerful  old  folks,  who  can  love  you  well ;  and  I 
think  (or  you  are  a  hypocrite)  you  can  as  well  deser\^e 
it."  Mr.  Smeaton  and  his  wife  accepted  the  invitation, 
and  it  proved  the  commencement  of  one  of  his  most 
pleasant  London  friendships.  It  happened  that  tlie 
Duke  and  Duchess  had  a  gi-eat  love  of  card-playing, 
which  Smeaton  detested.  But  his  good-nature  w^ould 
not  permit  him  to  hold  aloof  when  asked  to  take  a  hand. 
He  played,  however,  like  a  boy,  his  attention  never 
following  tlie  game.  On  one  occasion,  when  it  was 
Pope  Joan,  and  the  stake  in  "  Pope  "  had  accumulated 
to  a  considerable  smu,  it  became  Mr.  Smeaton's  turn  by 
the  deal  to  double  it.  Regardless  of  his  cards,  he  took 
up  a  scrap  of  paper,  made  some  calculations  on  it,  and 
laid  it  on  the  table.  Tlie  Duchess  eagerly  asked  w^hat 
it  was.  He  replied,  "  Your  Grace  will  recollect  that  the 
field  in  whicli  my  house  at  Austhorpe  stands  may  be 
about  five  acres,  three  roods,  and  seven  perches,  which, 
at  tliirty  years'  purchase,  will  be  just  my  stake ;  and  if 
your  Grace  will  make  a  Duke  of  me,  I  presume  the 
winner  will  not  dislike  my  mortgage."  The  hint  thus 
given  in  a  joke  was  kindly  taken,  and  from  that  time 
they  never  played  but  for  the  merest  trifle. 

In  his  own  home  he  was  beloved  and  revered.  His 
wife  died  in  1784,  after  which  his  two  daughtere  kept 
house  for  him  until  his  own  death.  The  eldest  has  left 
on  record  a  chamiing  picture  of  his  domestic  character, 
which  we  cannot  do  better  than  transcribe  : — "  Though 
comnmnicative  on  most  subjects,"  she  says,  "  and  stored 
with  ample  and  liberal  observations  on  others,  of  himself 
he  never  spoke.  In  nothing  does  he  seem  to  have  8t<x>d 
more  single  than  in  being  devoid  of  that  egotism  which 
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more  or  less  affects  the  world.  It  required  some  address, 
even  in  liis  family,  to  draw  him  into  conversation  directly 
relating  to  himself,  his  pursuits,  or  his  success.  Self- 
opinion,  self-interest,  and  self-indulgence,  seemed  alike 
temj^ered  in  him  by  a  modesty  inseparable  from  merit — 
a  moderation  in  pecuniary  ambition,  a  habit  of  intense 
application,  and  a  temperance  strict  beyond  the  common 

standard Devoted  to  his  family  with  an 

affection  so  lively,  a  manner  at  once  so  cheerful  and 
serene,  that  it  is  impossible  to  say  whether  the  charm  of 
eouvei-sation,  the  simplicity  of  instruction,  or  the  gentle- 
ness with  which  it  was  conveyed,  most  endeared  his 
home — a  home  in  which  from  infancy  we  cannot  recollect 
to  have  seen  a  trace  of  dissatisfaction  or  a  word  of  asperity 
to  any  one.  Yet  with  all  this  he  was  absolute !  And 
it  is  for  casuistry,  or  education,  or  rule,  to  explain  his 
authority ;  it  was  an  authority  as  impossible  to  dispute 
as  to  define." 

Mrs.  Dixon  illustrates  the  benevolence  of  her  father's 
ehanicter  by  referring  to  a  painful  and  trying  event 
ill  his  life.  Mr.  Smeaton  had  befriended  a  young 
man  whom  lie  had  foiinerly  employed  as  a  clerk,  and 
successfully  exeiied  himself  to  procure  for  him  a  situa- 
tion of  trust  and  responsibility,  further  becoming  bound, 
jointly  \vith  another  gentleman,  in  a  considerable  sum. 
The  young  man  fell  into  bad  habits :  his  exj>enses 
outran  his  income ;  he  committed  a  forgery  to  meet  the 
deficiency,  and  he  was  detected,  apprehended,  and  given 
up  to  justice.  The  same  post  brought  Mr.  Smeaton  tho 
intelligence  of  the  young  man's  ruin,  the  claim  for  the 
amount  of  the  forfeited  bond,  and  the  refusal  of  the  other 
jierson  to  j>ay  the  moiety.  Mi*s.  Smeaton's  health  being 
delicjite  at  the  time,  her  husband  suppressed  all  appear- 
ance of  emotion  ;  nor,  until  all  was  ])ut  in  train  for  settle- 
ment, did  a  word  or  lo<jk  l>etray  the  excjuisite  distress 
which  these  |minful  circumstances  had  caused  liim.  lie 
even  exerted  himself  to  save  the  prisoner's  life,  in  wliich 
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he  eventually  succeeded,  and  he  did  all  that  he  afterwards 
could  to  soothe  the  remorse  of  the  wretched  youth  who 
had  betrayed  him.^ 

Of  Mr.  Smeaton's  intellectual  powers  it  would  be 
difficult  to  speak  too  highly.  James  Watt  always  men- 
tioned him  in  terms  of  sincere  admiration,  speaking 
of  him  as  "  father  Smeaton."  Writing  to  Sir  Joseph 
Banks,  he  said :  "  In  justice  to  him  we  should  observe 
that  he  lived  before  Rennie,  and  before  there  were  one- 
t^nth  of  the  artists  there  are  now.  Suum  cuique;  his 
example  and  precepts  have  made  us  all  engineers."  Even 
after  the  great  works  of  the  railway  era,  and  the  variety 
of  practical  ability  which  they  called  forth  and  fostered, 
Robert  Stephenson  pronounced  Smeaton  to  be  the  en- 
gineer of  the  highest  intellectual  eminence  that  had  yet 
appeared  in  England.  Speaking  of  him  to  the  author 
in  1858,  he  observed,  "Smeaton  is  the  greatest  philo- 
sopher in  our  profession  this  coimtry  has  yet  produced. 
He  was  indeed  a  great  man,  possessing  a  truly  Baconian 
mind,  for  he  was  an  incessant  experimenter.^  The  prin- 
ciples of  mechanics  were  never  so  clearly  exhibited  as  in 
his  writings,  more  especially  with  respect  to  resistance, 
gravity,  the  power  of  water  and  wind  to  turn  mills,  and 
so  on.  His  mind  was  as  clear  as  crystal,  and  his  demon- 
strations will  be  found  mathematically  conclusive.     To 


*  The  engineer's  daughter,  who  haa 
related  these  beautiful  features  in  his 
character,  became  the  wife  of  Jere- 
miah Dixon,  Esq.,  at  one  time  mayor 
of  Leeds,  afterwards  of  Fell  Foot, 
Windermere,  and  an  active  county 
magistrate.  She  possessed  much  of 
the  force  of  character  and  benevolence 
of  disposition  wliich  distinguished  her 
father ;  and  was  r^arded  as  a  woman 
of  great  practical  ability.  She  sur- 
vived her  husband  many  years,  and 
during  her  lifetime  built  and  endowed 
a  free-school  for  girls  at  Staveley, 
about  a  mile  from  her  residence,  which 
is  now,  and  has  been  ever  since  its 
establishment,  of  very  great  benefit 
to  the  ix)pulation  of  the  neighbour- 


hood. Mrs.  Dixon  was  also  an  artist 
of  some  merit,  and  painted  in  oils; 
the  altar-piece  and  decorated  Ten 
Commandments  now  in  Staveley 
church  being  of  her  execution. 

^  One  of  Smeaton*s  rules  was^  never 
to  trust  to  deductions  drawn  from 
theory  in  any  case  where  one  could 
have  an  opportunity  for  actual  experi- 
ment. "In  my  own  practice,  he 
said,  "almost  every  successiye  case 
would  have  required  an  independent 
theory  of  its  own.  In  my  interoourso 
with  mankind  I  have  always  foimd 
those  who  would  thrust  theory  into 
practical  matters  to  be,  at  bottom,  men 
of  no  judgment,  and  pure  quacks.** 
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tliis  day  there  are  no  writings  so  valuable  as  his  in  the 
highest  walks  of  scientific  engineering ;  and  when  young 
men  ask  me,  as  they  frequently  do,  what  they  should 
read,  I  invariably  say,  Go  to  Smeaton's  philosophical 
papers ;  read  them,  master  them  thoroughly,  and  nothing 
will  be  of  greater  service  to  you.  Smeaton  was  indeed 
a  verj^  great  man." 

From  what  we  have  said,  it  will  be  obvious  that 
Smeaton  was,  throughout  his  whole  career,  a  most  in- 
dustrious man, — indeed,  industry  was  the  necessity  and 
habit  of  his  life.  His  daughter  describes  him  as  having 
1>een  incessantly  occupied  from  six  years  old  to  sixty. 
lie  was  a  great  economist  of  time,  and  laid  it  out  in 
such  a  way  as  to  obtain  from  its  use  the  greatest  amount 
of  vahiable  result.  When  at  home,  his  forenoons  were 
devoted  to  writing  reports,  and  the  various  business 
arising  out  of  his  professional  engagements;  and  his 
afternoons  were  occupied  by  the  pursuits  in  which  he 
took  most  pleasure, — working  at  his  forge  or  in  his 
workshop,  making  mechanical  experiments,  or  pre- 
|xiring  his  jiapers  on  scientific  subjects  for  the  Royal 
Society.  Though  naturally  possessed  of  an  excellent 
constitution,  and  capable  of  enduring  much  fatigue,  it  is 
to  be  feared  that  he  taxed  his  brain  too  much,  and  "  o'er 
infonned  his  tenement  of  clay,"  by  c*<^)ntinuous  and 
intense  application  to  study  during  his  long  periods 
c»f  secliLsion  at  Austhorpe.  His  robust  frame  became 
fragile,  and  his  strength  was  further  impaired  by  the 
alistinence  which  he  was  subseijuently  comj^elled  to  adopt. 
Moreover,  it  appears  that  brain  disease  was  hereditary 
in  his  family,  and  he  long  apprehended  the  stroke  which 
eventually  terminated  his  life.  This  only  made  him  the 
more  eager  to  employ  to  the  greatest  advantage  the  time 
which  it  might  yet  l>e  permitted  him  to  live  :  and  he 
dreaded  jibove  all  things  the  blight  of  his  mental  powei-s 
— to  use  his  own  words,  '*  lingering  over  the  dregs  after 
the  spirit  had  evaporated" — chiefly  as  depriving  him  of 
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tlie  iiieaiis  of  doing  furtlier  good.  The  last  public  mea- 
sure on  wliicli  he  was  professionally  engaged  in  London, 
was  the  passing  of  tlie  Bill  through  Parliament  for  the 
construction  of  the  Birmingliam  and  Worcester  Canal. 
It  was  very  strongly  opposed,  and  its  support  in 
Committee  cost  liim  much  application,  thought,  and 
anxiety.  His  friends  saw  him  visibly  breaking  down, 
and  ap})reliended  that  the  powers  of  his  vigorous  mind 
were  beginning  to  fail.  The  bill  passed  by  a  small 
majority,  and  Mr.  Smeatoii  went  down  to  his  home  at 
Austhorpe  for  repose.  But  shoi-tly  after,  when  walking 
in  his  garden,  he  was  sti'uck  with  palsy.  IIap])ily  his 
faculties  jeturned  to  him,  and  he  ex])ressed  his  thank- 
fiihiess  to  the  Almighty  that  his  intellect  had  been 
spared.  He  was  very  resigned  and  cheerful,  and  took 
pleasure  in  seeing  the  usual  social  occupation  of  the 
family  going  on  about  him.  He  would,  however,  com- 
plain of  his  growing  slowness  of  apprehension,  and 
excuse  it  with  a  smile,  saying,  *'  It  could  not  be  other- 
wise :  the  shadow  must  lengthen  as  the  sun  goon 
downi."  Some  phenomena  relating  to  the  moon  fonned 
the  subject  of  conversation  one  evening,  when  it  shone 
very  bright  full  into  his  room.  Fixing  his  eyes  uj)on 
it,  he  said,  "How  often  have  I  looked  up  to  it  with 
inquiry  and  wonder,  and  thought  of  the  period  w^ien  I 
shall  have  the  vast  and  privileged  views  of  an  hereafter, 
and  all  will  be  comprehension  and  pleasure !  "  He  even 
continued  to  dictate  letters  to  his  friends;  and  in  one  of 
these,  addressed  to  Mr.  Holmes,  after  describing  his 
health  and  feehngs,  he  said  :  "  In  consequence  of  the 
foregoing,  I  conclude  myself  nine-tenths  dead,  and  the 
greatest  favour  the  Almighty  can  do  me  (as  I  think) 
will  l>e  to  complete  the  other  part ;  but  as  it  is  likely  to 
be  a  lingering  illness,  it  is  only  in  His  jx>wer  to  say 
when  that  is  likely  to  haj)]x?n."  His  suffering,  however, 
did  not  last  long ;  and  after  the  lapse  of  about  a  month 
from  the  writing  of  this  letter,  the  engineer's  spirit  found 
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re{)08e.  He  died  on  the  28tli  of  October,  1792,  in  the 
68th  year  of  hid  age ;  and  was  buried  with  his  fore- 
fathers in  the  old  parish  church  of  Whitkirk,  where  a 
tablet  with  the  following  inscription  was  erected  to  his 
memory : — 

Sacbed  to  the  Memory 
OF    JOHN     SMEATON,     F.R.S. 

A  Mad  whom  G«l  had  endowed  with  the  most  extraordinary  abilities,  which 
he  iudefatigabl y  exerted  for  the  benefit  of  Mankind  in  works  of  science 
And  Philu«ophical  research : 
More  «*{)ecially  as  an  En;iineer  and  Mechanic.  His  principal  work,  the 
P^iystone  Lighthouse,  erecteil  on  a  rock  in  the  oiKjn  sea,  (where  one  ha<l  been 
waMhe<i  away  by  the  violence  of  a  storm,  and  another  had  been  consume*!  by 
the  rape  of  fire,)  secure  in  its  own  stability  and  the  wise  precautions  for  its 
safety,  seeiuH  not  unlikely  to  convey  to  distant  ages,  as  it  does  to  ever>'  Nation 
of  the  (iloU*,  the  Name  of  its  constructor. 


He  was  boni  at  Austhorj)e,  June  8,  1724. 
And  departed  this  Life  October  28,  1792. 


Also  Sacred  to  the  Memory  of 

ANN,  the  Wife  of  the  said  John  Smeatox,  F.K.S., 

who  died  January  17th,  1784. 

T\\e'iT  two  surviving  Daughters, 

iHily  imprest  witli  si'ntiments  of  Love  and  HesiMi't 

For  the  kindest  and  tenderest  «»f  Parents, 

Pav  this  tribute  to  tlieir  Memorv. 


^-:!-AT,>N;-    li.RT.M   ILACE    IS   WHIl  KIRK  CHURCH. 
By  c    C.it:tiu«,;«'.  alter  an  originul  BkcUb  by  T.  Bntcbflfe.  Leads] 
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an  incredibly  backward  state,  compared  with  either 
England  or  even  Ireland,  at  the  time  when  our  en- 
gineer was  born. 

The  traveller  through  the  Lothians — which  now  ex- 
hibit perhaps  the  finest  agricultiu-e  in  the  world,  where 
every  inch  of  ground  is  turned  to  profitable  account, 
and  the  fields  are  cultivated  to  the  very  hedge-roots — 
will  scarcely  believe  that  less  than  a  century  ago  these 
districts  were  not  much  removed  from  the  state  in  which 
natm-e  had  left  them.  In  the  interior  there  was  little 
to  be  seen  but  bleak  moors  and  quaking  bogs.  The 
chief  paii;  of  each  farm  consisted  of  "  out-field  "  or  mi- 
enclosed  land,  no  better  than  moorland,  from  which 
even  the  hardy  black  cattle  could  scarcely  gather  herbage 
enough  to  keep  them  from  starving  in  winter  time.  The 
"  in-field  "  was  an  enclosed  patch  of  ill-cultivated  gromid, 
on  which  oats  and  "  bear"  or  barley  were  grown ;  but  the 
principal  crop  was  weeds. 

Of  the  small  quantity  of  com  raised  in  the  country 
nine-tenths  were  grown  within  five  miles  of  the  coast  ;* 
and  of  wheat  very  Uttle  was  raised — not  a  blade  north 
of  the  Lothians.  When  the  first  crop  of  that  grain  was 
to  be  seen  on  a  field  near  Edinburgh,  people  flocked  to 
look  upon  it  as  a  wonder.  Clover,  turnips,  and  potatoes 
had  not  yet  been  introduced,  and  no  cattle  were  fat- 
tened :  it  was  with  difficulty  they  could  be  kept  alive. 
Mr.  Ilennie,  the  engineer's  father,  was  one  of  the  first  to 
introduce  tuniips  as  a  regular  farmer  s  crop.  All  loads 
were  as  yet  carried  on  horseback ;  but  where  the  farm 
was  too  small,  or  the  crofter  too  poor,  to  keep  a  horse, 
his  own  or  his  wife's  back  bore  the  load.  The  horse 
brought  peats  from  the  bog  and  coals  fi'om  the  pit^  and 
carried  the  crops  to  market.  Sacks  filled  with  manure 
were  also  sent  a-field  on  horseback;  but  the  uses  of 
manure  were  so  little  understood,  that  if  a  stream  was 

'  rruies«or  Furbcs's  *  Cunbulcrations  on  the  Prcucut  State  uf  Soutlaud,'  p.  14. 
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near,  it  was  thrown  in  and  floated  away,  and  in  summer 
it  was  burnt/ 

The  towns  were  for  the  most  part  collections  of 
thatched  mud  cottages,^  giving  scant  shelter  to  a 
miserable  population.  The  whole  country  was  poor, 
desponding,  gaunt,  and  almost  haggard.  The  common 
people  were  badly  fed  and  wretchedly  clothed ;  those  in 
the  country  living  in  despicable  huts  with  their  cattle.^ 
The  poor  crofters  were  barely  able  to  exist.  Lord 
Kaimes  says  of  the  Scotch  tenantry  of  the  early  part 
of  last  century,  that  they  were  so  benumbed  by  op- 
jiression  and  poverty  *  that  the  most  able  instructors 
in  husbandry  could  have  made  nothing  of  them.  A 
writer  in  the  Scotch  '  Farmer's  Magazine '  sums  up  his 
aceoiuit  of  the  country  at  that  time  in  these  words  : 
"  Except  in  a  few  instances,  it  was  little  better  than  a 
barren  waste."  * 

What  will  scarcely  be  credited,  now  that  the  in- 
dustry of  Scotland  has  become  thoroughly  educated 
by  a  century's  discipline  of  work,  was  the  inconceiv- 
able   Hstlessness    and   laziness    of  tlie    people    at   that 

*  *  Farmer's  Magazine/  No.  xxxiv.,  The  Earl  of  Wigton  was  one  of  these. 
\K  2<"K>.  Possessing  large  estates  in  the  county 

'    It    is    stated    in    Macl>ianni<rs  of  Stirling,   and  desirous  of   taking 

•picture   of    1  >uni  fries '   that   at   the  every  precaution  against  the  imj)end- 

niiddle  of  the  century  no  lime  was  ing  ruin,  he  disposed  to  his  tenants, 

\\M.t\    in    huilding,    "except    a    little  i    on  condition  that  they  continued  to 

Hhell-lime,miideot cockle-shells,  which  !    pay  him  their  then  rents,  low  though 

v^'dA  \mTiwi\  at  Tolvend,  and  brought  |    they  were,  his  extensive  estates  in  the 

to  Ihimfries  in  Ittgs.''   And,  "  in  1740,  i    parishes  of  Denny,  KirkintuUoch,  and 

when  Provost  Bell  (the  chief  magis-  '    Cumlxjrnauld,    retaining  only  a   few 

traie  <»r   mayor  of  tliat  town)  built  <    fields    round    the    family    mansion.* 

his  hijuse,  the  under  storey  was  built  j    Fletcher    of  Saltouu  equally    feared 

t>f  clay,  and  the  upper  storeys  with  '    the    ruinous    results   of    the    Union, 

Imie    brought   from    Whitehaven   in  thouch  he  was  less  pR'cipitate  than 

iir>'- ware  casks."  j    the  t^rl  of  Wigton.    We  nee< I  scarcely 

*  Tlie  Hev.  Dr.  PUiyfair  in  *i>tatis-  siiy  how  com])letely  all  those  apj)re- 
tii^l  Account  of  Scotland.'  First  e<li-  hensions  were  falsilieil  by  the  actual 
tioii.    Vol.  I.,  p.  513.  results. 

*  IWi  although  the  condition  of  *  *  Farmer's  Magazine,*  1B03.  No. 
So >t laud  was  at  the  lieginning  of  last    |    xiii.,  p.  101. 

<*titar>%  there  were   many  who   be-   j - 

h^vM'that    it    would    U'   miUJC   worse  ,   Kanm,'.  Magarln..  Iho..  No.  xxxiv.  ,..  IW. 

by  the  carrying  of  the  Act  of  L  nioii. 


{)()      SCOTLAND  AT  THE  MIDDLE  OF  LAST  CENTURY.    Pakt  VIL 

period/  Tliey  left  tlie  Log  unreclaimed  and  the  swamp 
undi-ained.  They  would  not  even  be  at  the  trouble  to 
enclose  lands  easily  capable  of  cultivation.  There  was 
no  class  possessed  of  any  enterprise  or  wet'ilth.  A 
middle  nmk  could  scarcely  be  said  to  exist,  or  any 
condition  between  that  of  the  starving  j^easantiy  and 
the  impoverished  proprietary,  whose  available  means 
were  principally  expended  on  hard  drinking.^  Mr. 
Brown,  an  East  Lothian  farmer,  said  of  the  latter 
class,  that  they  were  still  too  proud,  and  perhaps 
too  ignorant,  to  interest  themselves  about  the  amelio- 
ration of  their  own  domains.^  The  educated  class — 
strictly  so  called — was  as  yet  extremely  small,  and  dis- 
played a  general  indiflferentism  on  all  subjects  of  social, 
political,  or  religious  interest,  which  some  regarded  as 
philosophic,  l)ut  which  was  only  an  exhibition  in  another 
form  of  the  prevalent  national  indolence.  An  idea  of 
the  general  poverty  may  be  fonned  from  the  fact  that 
about  the  middle  of  the  century  the  whole  circulating 
mediinn  of  the  Edinbm-gh  banks  was  only  200,000/., 
which  was  fomid  amply  sufficient  for  the  requirements 
of  ti'ade  and  commerce,  which  had  scarcely  yet  sprmig 
into  existence.*  Even  in  East  Lothian,  which  was  pro- 
bably in  advance  of  the  other  Scotch  counties,  the 
ordinary  wage  of  a  day  labourer  was  only  fivepence  in 


*  Miss  Craik,  in  dcscrilnng  the 
difticulties  whiclvher  fiither  (William 
Craik,  of  Arbigland)  hud  to  contend 
against  in  introducing  agricultural 
improvements  in  the  county  of  Kirk- 
cudbright, about  the  middle  of  last 
century,  says  :  "  For  many  yei\rs  the 
indolent  ol)stinacy  of  the  lower  class 
of  people  was  almost  unconquerable. 
Amongst  other  instances  of  their  lazi- 
ness, I  have  heard  him  say  that,  upon 
his  tiret  introtluction  of  the  mode  of 
<lressing  the  grain  at  night  which  had 
l)een  thnishetl  during  the  day,  all  the 
servants  in  the  neigh l)OurhcHxl  refused 
to  adopt  the  measure,  and  even 
thixsitened   to  destrov  the   lumses  <»f 


their  employers  by  fire  if  they  con- 
tinued to  insist  ujHjn  the  business. 
My  fether  sjjeedily  j)erceived  that  a 
forcible  remedy  was  requiretl  for  the 
evil.  He  gave  them  their  choice  of 
removing  tlie  thrashed  grain  in  the 
evening,  or  becoming  inhabitants  of 
Kirkcudbright  jail;  they  preferred 
the  former  alternative,  and  0|xjn  mur- 
nmrings  were  no  longer  heard.** — 
*  Farmer's  Magazine,*  No.  xlvi.  (June, 
1811),  p.  165.  Art.:  *  Account  of 
William  Craik,  Esq.,  of  Arbigland.* 

^  See  the  *  Autobiography  of  Dr. 
Alexander  Carlyle,'  passim, 

»  IJrown  on  *  Kunil  Affairs,*  Vol.  1., 
\K  58.  *  Ibid. 


Chap.  I.       SCOTLAND  AT  THE  MIDDLE  OF  LAST  CENTURY.      97 

winter  and  gixpence  in  summer.*  The  food  of  the 
working  class  was  almost  wholly  vegetable,  and  even 
that  was  insufficient  in  quantity.  The  little  butcher's 
meat  consumed  by  the  better  class  was  salted  beef  and 
mutton,  which  was  stored  up  at  Ladner  Time,  betwixt 
Michaelmas  and  Martinmas,  for  the  year's  consumption. 
Mr.  Buchan  Hepburn  says  the  sheriff  of  the  county  of 
Eiist  Lothian  informed  him  that  he  remembered  when 
not  a  single  Imllock  was  slaughtered  in  the  butcher- 
market  at  Haddington  for  a  whole  year,  except  at  the 
jilK)ve  j)eriod ;  and  when  Sir  David  Kinloch,  of  Gil- 
nierton,  wjld  ten  wedders  to  an  Edinburgh  butcher,  he 
stipulated  for  three  sevend  terms  to  take  them  away,  to 
prevent  the  Edinburgh  market  from  being  overstocked 
with  fresh  butcher's  meat !  * 

The  rest  of  Scotland  was  in  no  better  state :  in  some 
j>art«  it  wji«  even  worse.  The  now  rich  and  fertile 
county  of  Ayr,  wliich  glories  in  the  name  of  "  the  garden 
<»f  Scotland,"  was  for  the  most  part  a  wild  and  dreary 
conunon,  with  here  and  there  a  poor,  bare,  homely  hut, 
where  the  farmer  and  his  family  were  lodged.^  There 
were  no  enclosures  of  land,  except  one  or  two  about  a 
gcntlcmairs  seat,  and  black  cattle  roamed  at  large  over 
the  face  of  the  countiy.*     More  deplorable  still  was  the 


'  <i.    liurlian   ncphuni's  *  General  i    state    of    individuals  as   times   then 

Vjrw  ..f  tlie  Ai^riculture  an«l  h^onomy  went  in   ScotUiml.      The   tenants  in 

of  y^uit   b»thian/     Kdinburj?li,  1794.  general    livetl   very  meanly,  on  kail, 

r.  i«."..  I    gn«ti>,     milk,     j^raddon    ground    in 

'  ll'id.,  p.  55.  ,    quenus  turned  by  the  hand,  the  j^min 

*  Thj'  Kev.  Mr.  Holiertson,  in  the  bein;;  dri<il  in  a  i»ot,  to-^ether  witli  a 
*.*^taiiMu^il  Aec^mnt  of  Stxjtland.'  |    crock  ewe  now  and  tlien  about  Mar- 

♦  When  it  wax  attemjited,  in  1723,  tinmas.  They  were  clothcnl  very 
!..  fonii  iiichsures  in  tlie  adjoining  !  plainly,  and  their  liabitations  were 
t..unty  oi  Kirkcudbright,  for  the  pur-  '  most  unc<»mfortable.  Their  general 
l<m»-  m!  preventing  the  bkck  cattle  I  wear  was  of  cloth,  miwle  of  waulktnl 
tn/ni  Ktmying,  the  |«oor  | people,  who  I  pLiiding,  bhick  and  white  wo<»l  mixe<l, 
h^l  Nputt«il  or  were  small  tenants  very  cojirsi*,  ami  t lie  cloth  rarely  dyetl. 
on  the  land,  were  tumi-<l  out,  and  i  Their  hose  (when  they  wore  them) 
Ui*»\m  a>i*«inble«i  at  different  points  were  niiule  of  white  plaiding  cloth, 
and  Uvelle«l  the  encUwurew,  **  it  is  ,  Hewe«l  together;  witli  single-sole<l 
not  pU-.u*sint/  says  a  Kirkcudbright  shoes,  and  a  black  or  blue  lK)nnet — 
chp'TuthT,  **  to  n?pre«ent  the  wretche^l  none  having  hats  but  the  lainls,  who 

VOI^  11.  H 
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condition  of  those  counties  which  immediately  bordered 
the  wild  Highland  districts,  the  inhabitants  of  which 
regarded  the  Lowlands  as  their  lawful  prey.  The  only 
method  by  which  security  of  a  certain  sort  could  be  ob- 
tained for  their  property  was  by  the  payment  of  black- 
mail to  some  of  the  principal  caterans ;  though  this 
was  not  sufficient  to  protect  them  against  the  lesser  ma- 
mudei-s.  Regular  contracts  were  drawn  up  between 
proprietors  in  the  counties  of  Perth,  Stirling,  and  Dum- 
barton, and  the  Macgregors,  in  which  it  was  stipulated 
tliat  if  less  tlian  seven  cattle  were  stolen — which  pecca- 
dillo was  styled  picking — no  redress  should  be  required  ; 
but  if  the  number  stolen  exceeded  seven — such  amount 
of  theft  being  termed  lifting — then  the  Macgregors  be- 
came bound  to  recover.  This  blackmail  was  regularly 
levied  as  far  south  as  Campsie — then  within  six  miles 
of  Glasgow,  but  now  almost  forming  part  of  it — down 
to  within  a  few  months  of  the  outbreak  of  the  rebellion 
of  1745.^  Under  such  circumstances  agricultural  im- 
provement was  impossible.  Another  evil  was,  that  the 
lawless  habits  of  their  neighbours  tended  to  make  the 
Lowland  fanners  almost  as  ferocious  as  the  Highlandei^s 
themselves.  Feuds  were  of  constant  occurrence  betw^een 
neighbouring  baronies,  and  even  contiguous  parishes; 
and  the  county  fairs,  which  were  tacitly  recognised  as 
the  occasions  for  settling  quarrels,  were  the  scenes  of  as 


thought  themselves  very  well  dressed 
for  going  to  church  on  Sunday  with  a 
black  kclt-coat  of  their  wife's  making. 
Tlie  distresses  and  jwverty  felt  in  the 
country  continued  till  about  the  year 
1735.  During  these  times,  when 
IH)tatoes  were  not  generally  raised 
(having  been  only  introtluced  into 
the  stewartry  in  1725),  there  was, 
for  the  most  j>art,  a  great  scarcity  of 
food,  l)onlering  on  famine ;  for,  in  the 
whole  of  Kirkcudbright  and  Dum- 
fries, there  was  not  as  much  victual 
priKluci^l  as  wjis  necessary  for  the 
sup|)ly  of  the  inhabitants ;  and  the 
chief  i«irt  of  what   wjis  required  for 


that  puqxjse  was  brought  from  the 
Sandbeds  of  Esk,  in  tumbling  cars, 
to  Dumfries;  and  when  the  waters 
were  high  by  reason  of  spates,  and 
there  being  no  bridges  so  that  these 
cars  could  not  come  with  the  meal,  I 
have  seen  the  tradesmen's  wives  in 
the  streets  of  Dumfries  crying,  be- 
cause there  was  none  to  be  got." — 
Letter  of  John  Maxwell,  in  Appendix 
to  MacDiarmid's  *  Picture  of  Dum- 
fries.'   Edinbuijrh,  1832. 

*  *  Farmer's  Magazine  :'  *  Account 
of  the  Husbandry  of  Stirlingshire,' 
No.  xxxiv.,  p.  198. 
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UckkIv.  fighte  08  were  ever  known  in  Ireland,  even  in  its 
WDrst  days. 

The  country  was  as  yet  almost  without  roads,  so  that 
eomniunication  between  one  town  and  another  was  ex- 
c*eedingly  difficulty  es|x?cially  in  winter.  The  old  track 
lietween  Haddington  and  Edinburgh  still  exists  as  it 
w;is  left  when  the  new  system  of  tmiipike  roads  was 
introduced  in  Scotland.  It  is  now  used  only  by  fox- 
hunters  riding  to  cover,  but  it  continues  to  bear  out  the 
tlrsc-ription  of  a  local  wTiter :  "Nothing,"  he  says,  "can 
U»  a  givater  contrast  with  the  roads  of  modern  times.  In 
s<une  places,  where  tliere  was  space  for  taking  room,  it 
w;is  not  sj)ared.  There  might  be  seen  four  or  five  or 
more  tmcks,  all  collateral  to  one  another,  as  each  in  its 
turn  had  been  abandoned  and  another  chosen,  and  all 
at  Ijist  c<pially  impassjible.  In  wet  weather  they  became 
mere  sloughs,  in  which  the  cjirts  or  Cixrriages  had  to 
slumiR^r  through  in  a  half-swimming  state,  whilst  in 
time  of  drought  it  was  a  continued  jolting  out  of  one 
hole  into  another."  * 

Such  IxMiig  the  state  of  the  highways,  it  will  be 
ividrnt  that  very  little  traffic  could  be  conducted  in 
vehicles  of  any  sort.  Single  hoi-se  tniffickei-s,  aiUed 
«-;i<l;^'-ei-s,  |)lied  between  country  towns  and  villages,  suj)- 
plying  the  inhabitants  with  s;dt,  fish,  earthenware,  and 
articles  of  clothing,  which  they  carried  in  sjicks  or  creels 
hung  across  the  hoi*se's  back.  Even  the  trade  between 
Edinburgh  and  Glasgow  was  carried  on  in  the  sjune 
primitive  way.  So  limited  was  the  consmnption  of  the 
coiiijKiratively  small  |H)pulation  of  Glasgow  about  the 
iiiidtllc  of  last  century,  that  most  of  the  butter,  cheese, 
;ui<l  |H»ultrv  raised  within  six  miles  of  that  city  was 
«-inie<l  by  cudgel's  to  Edinburgh  in  panniers  on  horse- 
Inick.  On  one  occasion,  a  load  of  ducks,  brought  from 
Tampsie    to    E<linburgh    for   Kile    in    the    CJrassmarket, 

*  iiw)!^  Kt'K'rtsion'ij  *  Uuml  HecuUtt.'tiuUH/  p.  .'iS. 
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finding  themselves  at  liberty,  rose  upon  wing  and  flew 
westward.  Some  of  them  were  afterwards  found  at  Lin- 
lithgow, and  others  succeeded  in  reaching  their  native 
"  dub  "  at  Campsie,  some  forty-five  miles  distant.^ 

It  was  long  before  travelHng  by  coach  was  introduced 
in  Scotland.  When  Smollett  went  from  Glasgow  to 
Edinburgh  in  1739,  on  his  way  to  London,  there  was 
neither  coach,  cart,  nor  waggon  on  the  road.  He  ac- 
cordingly accompanied  the  carriers  as  far  as  Newcastle, 
"  sitting  upon  a  pack-saddle  between  two  baskets,  one  of 
which,"  he  says,  "  contained  my  goods  in  a  knapsack." 
The  first  vehicle  which  plied  between  the  two  chief 
cities  of  Scotland  was  not  started  until  1749.  It  was 
called  "  The  Edinburgh  and  Glasgow  Caravan,"  and  per- 
formed the  journey  of  forty-foiu*  miles  in  two  days ;  but 
the  packhorse  continued  to  be  the  principal  means  of 
communication  between  the  two  places.  Ten  years  later 
another  vehicle  was  started,  which  was  named  "The 
Fly,"  because  of  its  extraordinary  speed,  and  it  contrived 
to  make  the  journey  in  rather  less  than  a  day  and  a 
half.^  When  a  coach  with  four  horses  was  put  on 
between  Haddington  and  Edinbm-gh,  it  took  a  fall 
winter  s  day  to  perform  the  joimiey  of  sixteen  miles. 
Tlie  effort  was  to  reach  Musselbiu*gh  in  time  for  dinner, 
and  go  into  towni  in  the  evening.^ 

In  some  parts  of  the  country — as  in  Spain  to  this  day 
— the  beds  of  rivers  served  the  double  purpose  of  a  river 
in  wet,  and  a  road  in  dry  weather.  When  a  common 
carrier  began  to  ply  between  Selkirk  and  Edinburgh,  a 
distance  of  only  thirty-eight  miles,  he  occupied  a  fort- 
night in  performing  the  double  journey.  Part  of  the 
road  lay  along  Gala  Water,  and  in  summer  the  carrier 
drove  his  rude  cail  along  the  bed  of  the  stream ;  in 
winter  the  route  was  of  course  altogether  impassable. 


*  *  Funncr's  Ma<;aziiK'/ Xo.  xxxiv.,    I        »  G.  Buchan  Hepburn's  'Account 
1».  200.  of  East  Lothian.'     1794. 
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The  townsmen  of  this  adventurous  individual,  on  the 
morning  of  his  way-going,  were  accustomed  to  turn  out 
and  take  leiive  of  him,  wishing  him  a  safe  return  from 
his  perilous  journey. 

The  great  post-road  between  London  and  Edinburgh 
passed  close  in  front  of  the  house  at  Phantassie  in 
which  John  Rennie  was  bom  ;  but  even  that  was  little 
heiter  than  the  tracks  we  have  abeady  described.  It 
jwissed  westward  over  Pencrake,  and  followed  the  ridge 
c»f  the  Garleton  Hills  towards  Edinburgh.  The  old 
travellers  had  no  aversion  to  hill  tops,  rather  preferring 
them  becjiuse  the  ground  was  firmer  to  tread  on,  and 
they  could  see  better  about  them.  This  line  of  high 
nnid  avoided  the  county  town,  which,  lying  in  a  hollow, 
was  unapproachable  across  the  low  grounds  in  wet 
weather ;  and,  of  all  things,  swamps  and  quagmires  were 
then  most  dreaded.  A  j)ortion  of  this  old  postrroad 
was  visible  until  within  the  last  few  years,  upon  the 
high  ground  about  a  mile  to  the  north  of  Hadding- 
ton. In  some  places  it  was  very  narrow  and  deep,  not 
unlike  an  old  broad  ditch,  much  watervvoni,  and  strewn 
with  l(X>se  stones.  Along  this  line  of  way  Sir  Jolm 
('<»|>e  passed  with  his  army,  in  1745,  to  protect  Edin- 
JMir^h  agjiinst  the  Highland  rebels ;  and  it  is  related  that, 
on  marching  northward  to  intercept  them,  he  was  com- 
|»elled  to  halt  for  several  days,  waiting  for  a  hundred  hoi'se- 
l«r:i<Ls  of  bread  reipiired  for  the  victualling  of  his  araiy. 

In  IToO,  a  project  was  set  on  foot  for  imjiroving  the 
lii;rh  road  through  East  Lothian,  and  a  Turnpike  Act 
was  obtained  for  the  purpose — the  first  Act  of  the  kind 
obtaine<l  north  of  the  Tweed.*  The  inhabitants  of  the 
t4iwn  of  Haddington  complained  loudly  of  the  oppres- 
sion practised  on  them,  by  making  them  pay  toll  for 
every  bit  of  coal  they  burned ;  though  before  the  road 
was  nuide   it  was  a  good    day's  work   for   a  man    and 
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horse  to  fetch  a  load  of  "divot''  from  Gladsmuir,  or 
of  coal  from  the  nearest  colliery,  only  some  four  miles 
distant.  By  the  year  1763  this  post-road  must  have 
been  made  pmcticable  for  wheeled  vehicles ;  for  in  that 
year  iho  one  stage-coach,  which  for  a  time  formed  the 
sole  communication  of  the  kind  between  London  and  all 
Scotland,  began  to  run ;  and  John  Rennie,  when  a  boy, 
was  familiar  with  the  sight  of  the  uncouth  vehicle  Imn- 
bering  along  the  road  past  his  door.  It  "  set  out "  from 
Edinburgh  only  once  a  month,  the  jouniey  to  London 
occupying  from  twelve  to  eighteen  days,  according  to 
the  state  of  the  roads. 

Such,  however,  had  not  always  been  the  misemble 
condition  of  Scotland.  The  fine  old  bridges  which  exist 
in  diiFerent  parts  of  the  country  alone  serve  to  show  that 
at  some  early  period  a  degree  of  civilization  and  pros- 
perity had  prevailed,  from  which  it  had  gradually  fallen. 
Professor  Innes  has  clearly  pointed  this  out  in  a  recent 
work  :^  "  When  we  consider,"  he  says,  "  the  long  and 
united  eiForts  required  in  the  early  stiite  of  the  arts  for 
throwing  a  bridge  over  any  considerable  river,  the  early 
occurrence  of  bridges  may  well  be  admitted  as  one  of 
the  best  tests  of  civilizaticm  and  national  prosi)erity." 
As  in  England  itself,  the  original  reclamation  of  lands, 
the  improvement  of  agricidture,  the  making  of  roads, 
and  the  building  of  bridges  throughout  the  Lowlands  of 
Scotland,  were  for  the  most  part  due  to  the  old  church- 
men ;  and  when  their  ecclesiastical  organization  was 
destroyed  the  country  again  relapsed  into  the  state  from 
which  they  had  raised  it,  and  it  lay  in  rains  almost  until 
our  own  day,  when  it  has  again  been  rescued  from  bar- 
renness, even  more  effectually  than  before,  by  the  com- 
bined influences  of  education  and  industry. 

The  same  "  Brothers  of  the  Bridge,"  who  erected  8(^ 
many  fine  old  bridges  across  the  rivers  of  England,  were 
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equally  busy  beyond  the  Tweed,  providing  those  essen- 
tial means  of  intercourse  for  the  community.  Thus  we 
find  bridges  early  erected  across  most  of  the  mpid  rivers 
in  the  Lowlands,  especially  in  those  places  where  the 
ecclesiastical  foundations  were  the  richest;  and  to  this 
day  the  magnificent  old  abbey  or  cathedral  of  the  neigh- 
bourhood— in  some  comer  of  which  the  Presbyterian 
Chiu-ch  holds  its  worship — serves  to  remind  one  of  the 
contemporaneous  origin  of  both  classes  of  structures. 
ThiLs,  as  early  as  the  thirteenth  century,  there  was  a 
bridge  over  the  Tay  at  Perth;  bridges  over  the  Esk  at 
Brechin  and  Marykirk  ;  one  over  the  Dee  at  Kincardine 
O'Xeil;  one  at  Aberdeen;  and  one  at  the  mouth  of 
(ileiiiniiick.  The  fine  old  bridge  over  the  Dee,  at  Aber- 
deen, is  still  standing  :  it  consists  of  seven  arches,  and, 
:is  usual,  the  name  of  a  bishop — Gawin  Dunbar — is  con- 
nected with  its  erection.  There  is  another  old  bridge 
over  the  Don  near  the  same  city,  said  to  have  been  built 
by  Bishop  Cheyne  in  the  time  of  Robert  the  Bruce — the 
famoiLs  "  Brig  of  Balgonie,"  celebrated  in  Lord  Byron's 
stanziis  Jis  "  Balgownie  Brig's  black  wa'."  It  consists 
of  a  sj>jicious  Gothic  arch,  resting  upon  the  rock  on 
either  side.  There  was  even  an  old  bridge  over  the 
nipid  Si)ey  at  Orkhill.  Then  at  Glasgow  there  was  a 
fine  l>ri(lge  over  the  Clyde,  which  used,  in  old  times,  to 
l>e  called  "the  Great  Bridge  of  Glasgow,"  said  to  have 
U't-n  built  by  Bishop  Rae  in  1345.  Though  the  bridge 
was  only  twelve  feet  wide,  it  consisted  of  eight  arches ; 
s<uiiewhat  simikr  to  the  ancient  fabric  which  still  spans 
the  Forth  under  the  guns  of  Stirling  Castle.  This  last- 
mentioned  bridge  was,  until  recent  times,  a  stnicture  of 
;rreat  imi>ortance,  affording  almost  the  only  access  into 
the  northern  jxirts  of  Scotland  for  wheeled  carriages. 

But  the  art  of  bridge-building  in  Scotland,  as  in  Eng- 
lauil,  seeuLs  for  a  long  time  to  have  been  almost  entirely 
l<»st;  ancl  until  Smeaton  was  employed  to  erect  the 
bridges  of  Coldstream,  Perth,  and  Banff,  next  to  nothing 
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was  done  to  improve  this  essential  part  of  the  communi- 
cations of  the  country.  Wliere  attempts  were  made  by 
local  builders  to  erect  such  structures,  they  very  rarely 
stood  the  force  of  a  winter  s,  or  even  a  smnmer's,  flood. 
"  I  remember/'  says  John  Maxwell,  "  the  falling  of  the 
Bridge  of  Buittle,  which  was  built  by  John  Frew  in 
1722,  and  fell  in  the  succeeding  summer,  while  I  was  in 
Buittle  garden  seeing  my  father  s  sei'vants  gathering 
nettles."  ^  A  similar  fate  befell  the  few  attempts  that  were 
made  about  the  same  time  to  maintain  the  lines  of  com- 
munication by  replacing  the  old  bridges  where  they  had 
gone  to  ruin,  or  substituting  new  ones  in  place  of  fords. 

The  mechanical  arts  had  indeed  fallen  into  the  very 
lowest  stiite.  All  kinds  of  tools  were  of  the  most  im- 
perfect description.  The  implements  used  in  agriculture 
were  extremely  rade.  They  were  mostly  made  by  the 
farmer  himself,  in  the  roughest  possible  style,  wnthout 
the  assistance  of  any  mechanic.  But  a  plough,  which 
was  regarded  as  a  com})licated  machine,  was  reserved  for 
the  blacksmith.  It  was  made  of  young  birch  ti'ees,  and, 
if  the  tmdesman  was  expert,  it  was  completed  in  the 
course  of  a  winter  s  evening.^  This  rude  implement 
scmtched,  without  difficulty,  the  surface  of  old  crofts, 
but  made  sorry  work  in  out-fields,  where  the  sward  was 
tough  and  stones  were  large  and  nimierous.  Lord 
Kaimes  said  of  the  harrows  used  in  his  time,  that  they 
were  more  fitted  to  raise  laughter  than  to  raise  mould. 
Machinery  of  an  improved  kind  had  not  yet  been  intro- 
duced in  any  department  of  laboiu*.  Its  first  applica- 
tion, as  might  be  expected,  was  in  agriculture,  then  the 
leading,  and  indeed  almost  the  only,  branch  of  industry 
in  Scotland ;  and  its  introduction  will  be  found  to  be 
both  curious  and  interesting  in  its  bearing  upon  the 
subject  of  our  present  memoir. 


'  A]»i)cn(lix  to  *  l*icture   of  Dum- 
fries.'   lU'  .Johii  MacDiarmid.      Ediu- 
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CHAPTER    11. 

Bennie's  Master — Andrew  Meikle. 

Andrew  Fletcher,  of  Saltoun,  fled  into  Holland  during 
tlie  ix)litical  troubles  in  the  reign  of  Charles  II.,  and 
during  his  residence  there  he  was  particularly  struck  by 
the  exjx^rt  methods  employed  by  the  Dutch  in  winnow- 
ing com  and  shealing  barley.  The  chaflF  was  then  ordi- 
narily separated  from  the  com  by  means  of  wind  upon 
a  knoll,  or  a  draught  of  air  blowing  through  the  bam- 
d<x)r;  and  liarley  was  shealed  by  pounding  the  grains 
with  water  in  the  hollow  of  a  stone,  until  by  that  means 
the  liusks  were  rubbed  oflF.  Fletclier  saw  that  there  was 
a  gix»at  waste  of  labour  in  these  processes,  and  during 
his  residence  abroad  he  determined  to  introduce  the 
Dutch  metliods  into  his  own  country.  Writing  home  to 
his  brother,  he  desired  him  to  send  out  to  Holland  one 
James  Meikle,  an  ingenious  country  wright  of  Wester 
Keith,*  for  the  purpose  of  learning  the  above  arts  and 
iiiilKirting  the  requisite  machinery  into  Scotland.  After 
a  stay  of  about  two  months  in  that  countiy,  Meikle  re- 
turned home,  bringing  with  him  a  winnowing-machine, 
commonly  called  a  pair  of  fanners,  and  the  ironwork  re- 
quisite for  a  barley-mill.  These  were  safely  trans{x)rted 
to  Leitli,  and  afterwards  conveyed  to  Saltoun,  where  the 
Uuley-mill  was  erected  and  set  to  work;  and  for  many 
ycai*s  it  was  the  only  machine  of  the  kind  in  the  Jiritish 
dominions,  so  slow  were  people  in  those  days  to  copy  the 

'   It  w<ml<i  HLt'tn  that  the  ancestors  i    ment  of  John   Meikle,  luinnler,  who, 

"f  Meikle  were  hehl  in  e«te<'m  as  in-  it  apiieare,  was  tlie  first  |»eiH<ni  t<»  in- 

;i»iiinuj*  workmen  for  generations;  the  trtxluce  the  art  of  irun-lomuiinj^  into 

Si.tM    I'jirliiiinmt    havinj^,    in     1080,  Seotlantl. 
Hu^Nil  i\  ^|lecia!  Act  for  the  encoun^e- 
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improvements  of  tlieir  neif:^hboiirs.  "  Saltoun  barley" 
was  the  name  by  which  dressed  pot-barley  then  became 
knoAvai,  and  it  continued  to  preserve  the  name  long 
after  barley-mills  had  come  into  general  use.  James 
Meikle  was  equally  successfiil  in  setting  his  fanners  to 
work ;  but  they  had  a  good  deal  of  supei^stitious  ju'eju- 
dice  to  encounter,  the  country  jx^ople  looking  upon  the 
grain  cleaned  by  them  with  suspicion,  as  procured  by 
"artificially-created  wind."  The  clergy  even  argued 
that  "  winds  were  raised  by  God  alone,  and  it  was  irre- 
ligious in  man  to  attempt  to  raise  wind  for  himself,  and 
by  efforts  of  his  own ;"  and  one  clergyman  even  refused 
the  holy  communion  to  those  of  his  parishioners  who 
thus  irreverently  raised  "  Devil's  wind."  The  readei^s  of 
'  Old  Moi^ality  '  will  remember  Mause  Headrigg's  indig- 
nation when  it  was  proposed  that  her  "sonC^uddie  should 
work  in  the  barn  wi'  a  new-fangled  machine  for  dightin' 
the  corn  frae  the  chaff,  thus  impiously  thwarting  the  will 
of  Divine  Providence  by  mising  wind  for  your  leddy- 
ship's  ain  particular  use  by  human  art,  instead  of  soliciting 
it  by  prayer,  or  waiting  patiently  for  whatever  disjjensa- 
tion  of  wind  Providence  was  pleased  to  send  upon  the 
shealing-hill."  Scott,  however,  was  obviously  guilty  of 
an  anachronism  in  this  passage,  for  the  first  pair  of 
fanners  was  not  set  up  at  Saltoun  mitil  the  year  1720 — 
long  after  the  period  of  Cuddie  Headrigg's  supposed 
trial — and  it  was  not  until  seventeen  years  later  that 
another  winnowing-machine  was  set  up  in  the  neigh- 
bouring shire  of  Roxburgh,  and  employed  as  an  ordinary 
agency  in  farming  o])erations. 

Andrew  Meikle  was  the  only  8ur\dving  son  of 
Fletcher's  millwright,  and  Hke  him  was  an  ingenious 
mechanic.  He  had  manied  and  settled  at  Houston  Mill, 
on  Mr.  Rennie's  Phantassie  estate,  where  he  combined 
the  occupations  of  small  farmer,  miller,  and  millwright. 
He  had  himself  fitted  u})  the  machinery  of  the  mill,  of 
which  he  was  the  tenant;  and  adjoining  it  was  his  mill- 
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\vri<j:ht's  shop,  wliere  lie  carried  on  liis  small  business 
in  cnnnection  with  mill-work — the  demands  of  the  district 
ix'inij:  *^^  vet  of  an  extremely  limited  character.  Hut 
tlic  march  of  social  imjirovement  had  by  this  time 
fairly  Ix^ji^im  in  East  Lothian.  The  public  spirit  dis- 
played by  Fletcher  of  Saltoun  was  imitated  by  his 
nei«^hlK)urs.  But  probably  the  fi^entleman  who  gave  the 
*rn*atcst  impulse  to  aj^ricultund  progress  in  the  county, 
which  shortly  after  extended  it^ilf  oyer  Scotlan<l,  was 
Mr.  (\K-kburn  of  Onniston,  to  whom  belongs  the  honour 
of  adopting  the  system  of  long  leases.  He  early  became 
c<>nyincecl  that  the  surest  w^ay  of  stimulating  the  industry 
«»f  the  farmer  was  to  giye  him  a  substantial  interest  in 
tin*  improycment  of  the  lan<l  which  he  fanned.  One 
<»f  his  tenants  having  enclosed  his  fields  with  hedges 
and  ditches  at  his  own  cost — the  fii>>t  farmer  in   t^cot- 
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land  who  adopted  the  practice  ^ — his  landlord,  to  en- 
courage his  spirit  of  improvement,  granted  him  a  lease 
of  his  faim  for  nineteen  years,  renewable  at  the  expiry 
of  that  term  for  a  like  period. 

The  results  were  fomid  so  satisfactory,  that  Mr.  Cock- 
burn  was  induced  to  extend  the  practice,  and  before  long 
it  became  generally  adopted  throughout  the  county.  From 
this  point,  then,  agricultm-e  advanced  with  extraordinary 
rapidity.  The  more  thriving  fanners  sent  their  sons  into 
England — a  practice  long  since  reversed — to  learn  the 
best  methods  of  farming :  they  employed  better  imple- 
ments and  improved  methods  of  culture  ;  their  landlords, 
further  to  encourage  them,  built  more  commodious  stead- 
ings and  farmhouses ;  and  they  were  greatly  helped  in  this 
coui*se  by  the  unusual  facilities  for  obtaining  credit  which 
persons  of  standing  and  property  possessed,  on  the  general 
extension,  from  about  the  middle  of  last  century,  of  what 
is  called  the  Scotch  system  of  banking.^  These  measiu*es 
very  shortly  put  an  entirely  new  face  upon  the  country. 
The  distinction  of  "  in-field  "  and  "  out-field  "  altogether 
ceased.  Farms  became  completely  enclosed,  and  sheep 
and  black  cattle  were  no  longer  allowed  to  roam  at 
large.  Fields  were  throwTi  together,  and  small  holdings 
consolidated  into  large  ones.  The  moorland  and  the  bog 
were  reclaimed  and  converted  into  fruitful  fanns.  A 
single  instance,  of  some  historical  interest,  may  be  given. 
When  the  Royal  army  lay  upon  the  field  of  Prestonpans 
in  1745,  their  front  was  "protected  by  a  deep  bog," 
across  which  Robert  Anderson,  a  young  gentleman 
of  the  county,  who  knew  every  foot  of  the  groimd,  con- 
trived to  lead  the  Pretender's  army  by  a  path  known 
only  to  himself.  That  bog,  like  so  many  others,  has  long 
since  been  reclaimed  by  drainage  and  cultivation,  and 
now  forms  part  of  one  of  the  most  fertile  fanns  in  the 
Lothians. 

'  Hrown  lUi  *  Ruml  AtVairs/ 

-  See  Adam  Smitirs  *  Wiiilth  of  Natiuiis,'  Rook  11.,  Chap.  2. 
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Such  was  the  improving  state  of  affairs  in  East  Lothian 
when  Andrew  Meikle  began  business  at  Houston  Mill. 
There  were  as  yet  very  few  mills  in  the  district ;  but  his 
reputation  as  a  mechanic  and  his  skill  in  millwork  were 
such,  that  he  was  usually  employed  on  any  new  erection 
of  the  sort,  travelling  also  into  the  adjoining  counties  of 
Edinbm-gh  and  Berwick  to  repair  or  fit  up  mills.  Being 
an  ingenious  and  thoughtful  man,  he  eagerly  turned  his 
attention  to  the  improvement  of  agricultural  machinery, 
more  especially  of  that  connected  with  the  thrashing,  win- 
nowing, dressing,  and  grinding  of  grain.  Thus,  as  early 
as  the  year  17G8,  we  find  him  taking  out  a  patent — one 
of  the  very  first  taken  out  by  any  Scotch  mechanic — 
for  a  new  machine  contrived  by  him  for  dressing  and 
cleansing  corn.'  It  was  a  combination  of  the  riddle 
and  fanners ;  and  though  of  no  great  novelty,  it  showed 
the  direction  in  which  his  inventive  faculties  were  thus 
early  at  work.  But  Meikle's  most  important  invention 
was  made  at  a  considembly  later  period  of  his  life  ;  and 
in  the  interval  he  devoted  himself  to  the  ordinary  busi- 
ness of  his  humble  calling  as  a  country  miller  and  mill- 
\\Tight. 

Nothing  caused  so  nnich  loss  and  vexation  to  the 
fanner  in  former  times  as  the  o|)eration  of  separating  the 
corn  from  the  stniw.  In  some  countries  it  was  trodden 
out  by  cattle,  as  in  the  old  Scriptm-al  times;  hence  the 
]»roverb,  ''Thou  shalt  not  muzzle  the  ox  that  treadeth 
out  the  com."  Sledges  or  tniil-carts  were  also  used 
for  the  Kime  puriK)se ;  but  the  most  conunon  instnmient 
(employed  was  the  flail.  By  either  of  these  methods, 
however,  the  ])rocess  of  thra^shing  was  slowly  performed, 
whilst  a  considenible  ]K)rtion  of  the  grain  was  damaged 
or  lost.     Many  attempts  had  been  made  1x3 fore  Meikle's 


•   ViiU'Ut   Xo.  8IH1.      'Jlie  name  of  of  Siiifatoii)  wan  aivs^Kiat*^!  with  that 

l!(.l-n  Mackfll  ((■in|»loyc<l  with  JamcR  I  of  Meikle  in  tliis  jutent ;  Mack<'Il  prxv- 
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time  to  invent  a  machine  which  should  satisfactorily 
perform  this  operation ;  but  without  eiFect.  An  East 
Lothian  gentleman,  named  Michael  Menzies,  contrived 
one  u})on  the  principle  of  the  flail,  arranging  a  nmnber 
of  flails  so  as  to  he  w^orked  by  a  water-wheel ;  but  they 
w^ere  soon  broken  to  pieces  by  the  force  with  wdiich 
they  went.  Another  experiment  was  made  in  1758  by 
a  Stirlingshire  fanner,  named  Leckie,  w^ho  invented  a 
machine  on  the  principle  of  the  horizontal  flax-mill.  It 
consisted  of  a  vertical  shaft,  with  four  cross-anns  fixed 
in  a  box,  and  w^lien  set  in  motion  the  arms  beat  off"  the 
grain  from  the  straw  when  let  down  upon  tliem  by  hand. 
Though  this  machine  succeeded  very  w^ell  in  thrashing 
oats,  it  cut  off*  the  heads  of  every  other  kind  of  corn 
presented  to  it.  Similar  attempts  were  made  about  the 
same  time  by  fanners  in  the  south,  more  especially 
by  Mr.  Ilderton  at  Alnwick,  Mr.  Smart  at  Wark,  and 
Mr.  Oxley  at  Flodden,  about  1772-3.  The  machine 
employed  by  these  gentlemen  was  composed  of  a  large 
drum,  about  six  feet  in  diameter,  resembling  a  sugar 
hogshead,  romid  which  w^ere  placed  a  number  of  fluted 
rollers,  which  pressed  inwards  upon  the  drum  by  means 
of  springs.  The  com,  in  passing  the  cylinder  and 
rollers,  was  no  doubt  rubbed  out ;  but  a  large  proportion 
of  it  being  bniised  and  damaged  by  the  oj^eration,  this 
plan  too  w^as  eventually  abandoned.  Mr.  Oxley  is  said 
to  have  afterwards  tried  the  plan  of  stripping  the  com 
from  the  stmw  by  means  of  a  scutcher ;  but  the  macliine 
constructed  with  this  object  did  not  answer,  and  it  was 
also  laid  aside. 

Mr.  Kiidoch,*  of  Gilmerton  in  East  Lothian,  had  how- 
ever seen  the  last-mentioned  machine  at  w^ork,  and  he 
conceived  the  idea  of  improving  it.  He  accordingly 
had  a  model  made,  in  which  he  contrived  that  the  drum, 
mounted  with  foiu*  pieces  of  fluted  wood,  should  work 


*  Afterwiiiily  Sir  Francib  Kinloch. 
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upon  sprinj^s,  pressing  with  less  force  upon  the  corn  in 
the  process  of  rubbing  it  out.  This  model  was  shown 
to  Meikle,  with  whom  Mr.  Kinloch  had  many  conversa- 
tions on  the  subject ;  and  at  the  millwTight's  suggestion 
several  improvements  were  made  in  it,  one  of  which  was 
the  substitution  of  smooth  feeding  rollers  for  fluted  ones. 
When  the  model  had  been  completed,  Mr.  Kinloch  sent 
it  to  Houston  Mill  to  be  tried  by  the  power  of  Meikle's 
water-wheel.  On  being  set  to  work,  however,  it  was 
driven  in  pieces  in  a  few  minutes;  and  the  siime  fate 
]hjM\  a  larger  machine  after  the  same  model,  which  Mr. 
Kinloch  got  made  for  one  of  his  tenants  a  few  years 
later. 

The  Ijest  result  of  Mr.  Kinloch's  experiments  was,  that 
tliey  had  the  effect  of  directing  the  inventive  mind  of 
Andrew  Meikle  to  the  subject.  After  several  years' 
thinking  and  planning,  about  the  year  1776  he  con- 
stiucted  a  thrashing-machine,  consisting  of  a  number  of 
flails  fixed  in  a  strong  beam  moved  by  a  crank,  which 
beat  out  the  com  on  two  platfonns,  one  on  each  side  of 
the  l»eam.  Although  tlie  perfonnance  of  this  machine 
before  some  East  Lothian  fannei's  who  went  to  see  it 
at  work  was  on  the  wliole  s4itisfactory,  it  did  not  come 
up  to  Meikle's  expectiitions ;  and  on  one  of  the  gen- 
tk'nien  obseiving  that  the  flails  and  platfonns  probably 
would  not  bear  the  force  of  the  stroke,  the  inventor 
ii'plied,  that  in  case  the  machine  did  not  answer,  he 
intt'iKled  to  try  a  method  of  beating  out  the  corn  by 
lueaiiH  of  fixed  scutchers  or  beaters.*  Accordingly  he 
pi'oceeded  to  work  out  this  idea  in  pmctice,  and  after  a 
few  years  he  succeeded  in  jx^rfecting  his  invention  on 
this  principle,  which  was  entirely  new.  These  scutchere, 
shod  with  iron,  were  fixed  upon  a  strong  beam  or  cylinder, 
which   revolved  with  great  velocity,  and  in  the  process 

'  *A  IN'ply  to  an  Atl«lrt'SH  to  the  lrelan<l,  on  the  subject  of  the  TIhuhIi- 
l*ul»lir,  but  luon*  |«rticularly  to  tlie  \n^  Machine/  By  John  Shirrefi'. 
Uuitleii  Interest  of  (treat  Uritain  an<l 
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of  SO  revolving  beat  oft*  tlie  com  instead  of  rubbing 
it  off*  by  {pressure,  as  had  been  attempted  by  former 
contrivers.  By  dint  of  study  and  pei-severance,  he  suc- 
ceeded at  length  in  perfecting  his  machine ;  to  which 
he  added  solid  fluted  feeding  rollers,  and  afterwards  a 
machine  for  shaking  the  straw,  fanners  for  winnowing 
the  corn,  and  other  improvements.  Meikle  is  said  to 
have  been  superintending  a  mill  job  at  Leith  at  the  time 
he  was  engaged  in  working  out  the  contrivance  in  his 
mind.  He  was  accustomed  to  walk  there  and  back  within 
the  sjime  day  while  the  job  was  in  hand,  or  a  distance  of 
about  forty  miles.  He  studied  the  subject  during  his 
jouiTiey,  and  would  occasionally  stop  while  travelling  to 
draw  a  rapid  diagram  upon  the  road  with  his  walking- 
stick.  It  is  related  of  liim  that  on  one  occasion,  whilst 
very  much  engrossed  with  the  subject  of  his  thrashing- 
mill,  he  had,  absorbed  by  his  calculations,  wandered 
considerably  from  the  right  path.  He  stopped  short 
suddenly,  and  hastily  sketching  his  plan  on  the  road, 
exclaimed,  "I  have  got  it!  I  have  got  it!"  Archi- 
medes himself,  when  he  cried  "  Em^eka,"  could  not  have 
been  more  delighted  than  om*  millwright  was  at  the 
happy  u])shot  of  his  deliberations. 

The  first  machine  erected  on  Meikle's  new  principle 
was  put  up  in  1787  for  Mr.  Stein  of  Kilbeggie,  in 
Clackmannanshire,  who  had  great  difficulty  in  procuring 
a  sufficient  number  of  banismen  for  thrashing  straw  to 
litter  the  large  stock  of  cattle  he  had  on  hand ;  but  the 
novelty  of  the  exj)eriment,  and  the  doubt  entei'tained 
by  Mr.  Stein  as  to  the  efficacy  of  the  proposed  machine, 
induced  him  to  require,  as  a  condition,  that  if  it  did  not 
answer  the  intended  purpose,  Meikle  was  not  to  receive 
any  payment  for  it.  The  result,  however,  proved  quite 
satisfactory,  and  the  thi*ashing-machine  at  Kilbeggie, 
which  was  driven  by  water-power,  long  continued  in 
good  working  order.  The  next  he  erected  was  for  Mr. 
George  Rennie,  at  Phantassie,  in  the  sjime  year ;  and  by 
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this  time  he  had  so  perfected  his  machine  as  to  enable 
it  to  be  driven  by  water,  wind,  or  horses.  That  at  Phan- 
tassie  was  worked  by  tlie  latter  power.  In  1788  Meikle 
took  out  a  patent  for  his  invention,  describing  himself 
in  the  specification  as  "engineer  and  machinist."* 


ASMif-A-    :.:K;KLt:       [hy    l      D    ^tctt    afier  Uudd«k  ] 

The  thnishing-machine  proved  to  be  one  of  the  greatest 
lHM»ns  ever  conferred  nj)on  the  hus1)andm{in,  effecting  an 
immense  sjiving  of  labour  as  well  as  of  com.  By  it« 
means  from  seventy  to  eighty  bushels  of  oats,  and  from 
thirty  to  fifty  bushels  of  wheat,  might  be  thmshed  and 
ch^aiiiMl  in  an  liour;  and  it  is  calculated  to  have  eft'ected 
a  siiving,  fis  compared  with  the  Hail,  of  one-hundredth 
jKiii  of  the  whole  corn  thnishcd,  or  ecpial  to  a  value  of 
not  less  than  two  millions  sterling::  in  (Jreat  Britain  alone. 


'   Tatetit  No.  n>4r> :  **  Miuliiiu'  for  st'|iiinitiii;jj  Cum  fnun  Stniw/ 
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In  the  course  of  twenty  years  from  the  date  of  the 
patent,  about  three  hundred  and  fifty  thrashing-mills 
were  erected  in  East  Lothian  alone,  at  an  estimated  outlay 
of  nearly  forty  thousand  pounds;  and,  shortly  after,  it 
became  generally  adopted  in  England,  and  indeed  all 
over  the  civilized  world.  We  regret,  however,  to  add, 
that  Meikle  did  not  reap  those  pecimiary  advantages  from 
his  invention  which  a  less  modest  and  more  pushing  man 
would  have  done.  Pimtes  fell  upon  him  on  all  sides  and 
deprived  him  of  the  fruits  of  his  ingenuity,  even  denying 
him  any  originality  whatever.  When  growing  old  and 
infirm,  Sir  John  Sinclair  bestirred  liimself  to  raise  a  sub- 
scription in  his  behalf;  and  a  sum  of  1500Z.  was  collected, 
which  was  invested  for  his  benefit.  Mr.  Dempster,  M.P., 
wrote  to  Sir  John,  when  on  his  charitable  mission  in 
1809,  ''  Should  your  tour  in  East  Lothian  procure  a 
suitable  reward  to  the  inventor  of  the  thrashing-machine, 
it  will  redound  much  to  your  and  the  country's  honour  : 
our  heathen  ancestors  would  have  assigned  a  place  in 
heaven  to  Meikle."  ^  Mr.  Smeaton  knew  Meikle  inti- 
mately, and  frequently  met  him  in  consultation  respecting 
the  aiTangements  of  the  Dairy  Mills,  near  Edinburgh, 
and  other  works ;  and  he  was  accustomed  to  say  of  him, 
that  if  he  had  possessed  but  one-half  the  address  of  other 
people,  he  would  have  rivalled  all  his  contemporaries, 
and  stood  forth  as  one  of  the  finst  mechanical  engineers 
in  the  kingdom. 

Among  the  various  improvements  which  this  ingenious 
mechanic  introduced  in  mill-work,  were  those  in  the  sails 
of  windmills.  Before  his  time,  these  machines  were 
liable  to  serious  accidents  on  the  occurrence  of  a  sudden 
gale,  or  a  shift  in  the  direction  of  the  wind.  By  Meikle's 
contrivance,  the  machinery  was  so  arranged  that  the 
whole  sails  might  be  taken  in  or  let  out  in  half  a  minute, 
according  as  the  wind  required,  by  a   person   merely 


'  *  Memoirs  of  Sir  John  Sinclair/  vol.  ii.,  p.  09. 
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pulling  a  rope  within  the  mill.  The  machinery  was  at 
the  same  time  kept  in  more  uniform  motion,  and  all 
danger  from  sudden  squalls  completely  avoided.  His 
improvements  in  water-wheels  were  also  important,  and 
on  one  occasion  proved  effectual  in  carrying  out  an 
improvement  of  a  remarkable  character  in  the  county  of 
Perth.  This  was  neither  more  nor  less  than  washing  away 
into  the  river  Forth  some  two  thousand  acres  of  peat 
moss,  and  thus  laying  bare  an  equivalent  surface  of  arable 
land,  now  amongst  the  most  valuable  in  the  Carse  of 
Stirling.  The  Kincardine  Moss  was  situated  between 
the  rivers  Teith  and  Forth.  It  was  seven  feet  in  depth, 
hiid  upon  a  bottom  of  rich  clay.  In  1766  Lord  Kaimes, 
who  had  entered  into  possession  of  the  Blair  Drum- 
mond  estate,  to  which  it  belonged,  determined  if  possible 
to  improve  the  ti'act;  and  it  occurred  to  him  that  the 
easiest  plan  would  be  to  wash  the  moss  entirely  away. 
But  how  was  this  to  be  done  ?  The  river  Teith,  which 
was  the  only  available  stream  at  hand,  was  employed  to 
drive  a  coni-mill.  But  Lord  Kaimes  saw  that  it  would 
ausAver  his  intended  purj)ose  if  he  could  get  possession 
of  it.  He  accordingly  made  an  armngement  by  which 
he  became  owner  of  the  mill,  which  he  pulled  down, 
and  then  turned  the  mill-stieam  in  upon  the  moss. 
Libourers  were  set  to  work  to  cut  awav  the  stuff,  w^hich 
was  thro\%Ti  into  the  current,  and  much  of  it  thus  washed 
away.  But  the  process  was  slow ;  and  tlie  clearing  of 
the  land  had  not  advanced  very  far  by  the  year  1783, 
when  Lord  B^aimes's  son,  Mr.  Home  Drummond,  entered 
into  possession  of  the  estate.  A  thousand  acres  still 
rciiuiined,  which  he  detenuined  to  get  rid  of,  if  pos- 
sible, in  a  more  summary  manner  than  his  predecessor 
had  done.  He  consulted  several  engineers — amongst 
(others  Mr.  Whitworth,  a  pupil  of  Brindley's — who  re- 
(•onmiended  one  phm ;  but  George  Meikle,  ji  millwright 
at  Alloa,  the  son  of  Andrew,  proposed  another,  the 
invention  of  his  father;  and  Mr.  Whitworth,  with  much 
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candoiir  and  libemlity,  at  once  acknowledging  its  supe- 
riority to  his  own,  urged  Mr.  Dnnnmond  to  adopt  it. 
The  invention  consisted  of  a  newly-contrived  wheel, 
28  feet  in  diameter  and  10  feet  broad,  for  raising 
water  in  a  simple,  economical,  and  powerfid  manner,  at 
the  rate  of  from  40  to  00  hogsheads  a  minute;  and  it 
was  necessary  so  to  raise  it  about  17  feet,  in  order  to 
reach  the  higher  ])arts  of  the  land.  The  machinery 
on  being  erected  was  set  to  work,  and  with  such  good 
results,  that  in  the  course  of  a  very  few  years  the  four 
miles  of  barren  moss  was  com[)letely  washed  away,  and 
the  district  was  shortly  after  covered  with  thriving  fann- 
steads,  as  it  remains  to  this  day. 

Meikle  was  a  thorough  mechanical  inventor,  and, 
wherever  he  could,  he  endeavoured  to  sjive  labour 
.by  means  of  machinery.  Stories  are  still  told  in  the 
neighbourhood  in  which  he  lived  of  the  contrivances 
he  adopted  with  this  object  in  his  own  household,  some 
of  which  were  of  an  amusing  diameter.  One  day  a 
woman  «ime  to  the  mill  to  get  some  barley  gi'ound,  find 
wa«  desired  to  sit  dowTi  in  the  cottage  hard  by  until 
it  was  ready.  With  the  first  sound  of  the  mill-wheels 
the  cmdle  and  churn  at  her  side  began  to  rock  and  to 
churn,  as  if  iiifluenced  by  some  supernatural  agency.  No 
one  was  in  the  house  besides  herself  at  the  time,  and  she 
rushed  from  it  frightened  almost  out  of  her  wits.  Such 
incidents  as  these  brought  an  ill  name  on  Andrew,  and 
the  neighbours  declared  of  him  that  he  was  **  no  canny." 
lie  was  often  sent  for  to  gi-eat  distances  for  the  purpose 
of  repairing  pumps  or  setting  mills  to  rights.  On  one 
occjision,  when  he  undertook  to  supply  a  gentleman's 
house  with  water,  so  many  country  mechanics  had  tried 
it  before  and  failed,  that  the  butler  w^ould  not  believe 
Meikle  when  he  told  him  he  would  send  in  the  water 
next  day.  Meikle,  however,  told  him  to  get  every- 
thing ready.  "It  will  be  time  enough  to  get  ready," 
siiid  the  incre<lulous  butler,  "  when  we  see  the  water.'' 
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Meikle  quietly  jx)cketcd  the  affront,  but  set  his  machinery 
to  work  early  next  morain«^ ;  and  when  the  butler  got 
out  of  bed,  he  found  hiuLself  up  to  his  knees  in  water, 
so  successfully  had  the  engineer  perfonned  his  proniise. 

Meikle  lived  to  an  extreme  old  age,  and  was  cheerful 
to  the  hist.  He  was  a  capital  player  on  the  Northumbrian 
bagpipes.  The  instrument  he  played  on  was  made  by 
himself,  the  chanter  being  fonned  out  of  a  deer's  shank- 
bcjiie.  When  ninety  years  old,  at  the  family  gatherings 
on  ''  Auld  Hansel  Monday,"  his  six  sons  and  their 
numerous  families  danced  about  him  to  his  music.  He 
died  in  1811,  in  his  ninety-second  year,  and  was  buried 
in  Pixjstonkirk  churchyard,  close  by  Houston  Mill,  where 
a  simple  monument  is  erected  to  his  memory.* 

Such  WJ18  the  master  who  first  trained  and  disciplined 
the  skill  of  John  Rennie,  and  implanted  in  his  mind  an 
enthusiasm  for  mechaniad  excellence.  Another  of  his 
a[)prentices  was  a  man  who  exercised  almost  as  great 
an  influence  on  the  progress  of  mechanics,  through  the 
numlx}r  of  fii-st-nite  workmen  whom  he  trained,  as  did 
Hennie  himself  in  the  art  of  engineering.  We  allude  to 
Peter  Nicholson,  an  admirable  mechanic  and  dmughts- 
man,  the  author  of  nimierous  works  on  carpentry  and 
architecture,  which  to  this  day  are  amongst  the  best 
of  their  kind.  We  now  pui'sue  the  career  of  Andrew 
Meikle's  most  distinguished  pupil. 

'   It  U  remarkable  that  Scutch  bit)-  I  ixxim,  the  'Lusiati;'  but  the  name  ol 

•^.iphy  »houW  \Mi  altogether  silent  re-  I  the  inventor  of  the  thnwhinj^-niachine 

K|Mrtin;i    thi»   iu^^uioUH   an«l    useful  I  i.s   not   even  mentionetl ;   aflbrilinj;  a 

workman.     In  the  niuHt  elalxjr.ite  of  sin<;ular   illustRition    of    the    neglect 

the  S<i»tcli  bio^^phical  a)IIectionM —  \  wiiich   tliis  dejiartment  of  bio^niphy 

that  of  Holiert  ChaniU'rH,  in  ftmr  Lin^e  [  hsm  heretofore  exiK'riencwl,  tiiou|^h  it 

voliinifj* — not  a  wonl  octups  relatin<;  j  huA  Uh-u  by  men  Hueli  as  Meikle  tiiat 

to  Meikle.     An  article  is  devoteil  to  i  this  txiuntry  im.s  in  a  great  niejwurc 

Mickle,    the    translator    of    another  U-en  nuule  what  it  is. 

man's   invention    in    the  shaj  e   of  a  i 
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YouNQ  Rennie  at  School,  Workshop,  and  College. 

Farmer  Rexnie  died  in  the  old  house  at  Phantassie 
in  the  year  176G,  leaving  a  family  of  nine  children,  four 
of  whom  were  sons  and  iive  daughters.  George,  the 
eldest,  was  then  seventeen  years  old.  He  was  disci-eet, 
intelhgent,  and  shrewd  beyond  his  yeai^s,  and  from  that 
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time  forward  he  managed  the  tarm  and  acted  a8  the 
head  of  the  family.  The  year  before  his  lather's  death 
lie  had  made  a  tour  through  Berwickshire,  for  the  pur- 
pose of  observing  the  improved  metluxls  of  farming 
introduced  ])y  some  of  the  leading  gentry  of  that  county, 
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and  he  returned  to  Phantassie  full  of  valuable  practical 
information.  The  agricultural  improvements  which  he 
was  shortly  afterwards  instrumental  in  introducing  into 
East  Lothian  were  of  a  highly  important  character ;  his 
farm  came  to  be  regarded  as  a  model,  and  his  reputation 
as  a  skilled  agriculturist  extended  far  beyond  the  boimds 
of  his  own  country,  insomuch  that  he  was  resorted  to  for 
advice  as  to  farming  matters  by  distinguished  visitors 
from  all  parts  of  Europe.* 

Of  the  other  sons,  WilHam,  the  second,  went  to  sea : 
he  was  tiiken  prisoner  during  the  first  American  war, 
and  was  sent  to  Boston,  where  he  died.  The  third, 
James,  studied  medicine  at  Edinburgh,  and  entered  the 
army  as  an  assistant-surgeon.  The  regiment  to  which 
he  belonged  was  shortly  after  sent  to  India  :  he  served 
in  the  celebrated  campaign  of  General  Harris  against 
Tippoo  Saib,  and  was  killed  whilst  dressing  the  wound 
of  his  commanding-officer  when  under  fire  at  the  siege 
of  Seringapatam.  John,  the  future  engineer,  was  the 
yoimgest  son,  and  he  w^as  only  five  years  old  at  the  death 
uf  his  father.  He  was  accordingly  brought  up  mainly 
under  the  direction  of  his  mother,  a  woman  possessed  of 
many  excellent  practicjil  (jualities,  amongst  w^hich  her 
Htrong  common  sense  was  not  the  least  valuable. 

The  boy  early  displayed  his  strong  inclination  for 
mechanical  pursuits.  When  about  six  years  old,  his  best 
loved  toys  were  his  knife,  hammer,  chisel,  and  saw,  by 
means  of  which  he  indulged  his  love  of  construction. 
He  preferred  tliis  kind  of  work  to  all  other  amusements, 
taking  but  small  pleasure  in  the  ordinary  s[X)rts  of  boys 
of  his  own  age.  His  greatest  delight  was  in  frequenting 
the  smith's  and  cai-penter's  shops  in  the  neighbouring 
village  of  Linton,  watching  the  men  use  their  tools,  and 


»  Amongst  Mr.  Rennie's  other  illiis-  I  scvenil  ni»;lit«  at  Phantassie,  and  du- 
trious  vUitore  in  hi«  later  years  was  rin^  the  time  was  present  at  the  cele- 
thf  (fnuiil  Duke  Nicholas  (afterwards        bratioii  of  a  "  liind  s  wedding." 

Km[)eror)    of    Roasio,    who    stayed  i 
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trying  his  own  hand  when  they  would  let  him.  But 
his  favourite  resort  was  Andrew  Meikle's  millwright's 
shop,  down  by  the  river  Tjaie,  only  a  few  fields  oiF. 
When  he  began  to  go  to  the  parish  school,  then  at 
Prestonkirk,'  he  had  to  pass  Meikle's  shop  daily,  going 
and  coming ;  and  he  either  crossed  the  river  by  the 
planks  fixed  a  little  below  the  mill,  or  by  the  miller's 
boat  when  the  waters  were  high.  But  the  temptations 
of  the  millwTight's  w^orkshop  while  passing  to  school  in 
the  mornings  not  unfrequently  proved  too  great  for  him 
to  resist,  and  he  played  truant ;  the  delinquency  being 
only  discovered  by  the  state  of  his  fingers  and  clothes 
on  his  return  home,  when  an  interdict  was  laid  against 
his  "  idling  "  away  his  time  at  Andrew  Meikle's  shop. 

The  millwTight,  on  his  part,  had  taken  a  strong  liking 
for  the  boy,  whose  tastes  were  so  congenial  to  his  owti. 
Besides,  he  was  somewhat  proud  of  his  landlady's  son 
frequenting  his  house,  and  was  not  disposed  to  discourage 
his  visits.  On  the  contrary,  he  let  him  have  the  run 
of  his  workshop,  and  allowed  him  to  make  his  minia- 
ture water-mills  and  windmills  with  tools  of  his  own. 
The  river  which  flowed  in  front  of  Houston  Mill  was 
often  swollen  by  spates  or  floods,  which  descended  from 
the  Lammermooi-s  with  great  force ;  and  on  such  occa- 
sions yoimg  Rennie  took  pleasure  in  watching  the  flow 
of  the  waters,  and  following  the  floating  stacks,  field- 
gates,  and  other  farm  wreck  along  the  stream,  down  to 
where  the  Tyne  joined  the  sea  at  Tyningham,  about 
four  miles  below.  Amongst  his  earliest  pieces  of  work- 
manship w^as  a  fleet  of  miniature  ships.  But  not  finding 
tools  to  suit  his  pm-poses,  he  contrived,  by  working  at 
the  forge,  to  make  them  for  himself;  then  he  con- 
structed his  fleet,  and  lamiched  his  ships,  to  the  admi- 
mtion  and  astonishment  of  his  playfellows.  This  wtis 
when  he  was  about  ten  yeai*s  old.  Shortly  after,  by 
tlie  advice  and  assistance  of  his  friend  Meikle,  who  took 
as  much  jnide  in  liis  j)orformances  as  if  they  had  been 
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his  own,  Rennie  made  a  model  of  a  windmill,  another  of 
a  fire-engine  (or  steam-engine),  and  a  third  of  Vellore's 
pile-engine,  displaying  u|X)n  them  a  considerable  amount 
of  manual  dexterity ;  some  of  these  early  efforts  of  the 
boy's  genius  being  still  preserved. 

Though  young  Rennie  thus  employed  so  much  of  his 
time  on  this  amateur  work  in  the  millwright's  shop,  he 
was  not  permitted  to  neglect  his  ordinary  education  at 
the  parish  school.  That  of  Prestonkirk  was  kept  by  a 
Mr.  Richardson,  \vho  seems  to  have  well  taught  his  pupil 
in  the  ordinary  branches  of  education ;  but  by  the  time 
he  had  reached  twelve  years  of  age  he  seems  almost  to 
have  exhausted  his  master's  store  of  knowledge,  and  his 
mother  then  tliought  the  time  had  arrived  to  remove  him 
to  a  seminary  of  a  higher  order.*     He  was  accordingly 


*  Though   a   \rooT  country,  a»  we 
have  Hc^u,  Scot  lain  1  was  alreatly  rich 
in    fiinsh    auil    burgh    schools;    the 
8t<suly  action  of  which  ujx^n  the  rising 
geru'ration    was    probftbly    the    chief 
cause  of  that  extraoixUnary  improve- 
ment in  all  its  branches  of  industry 
io    which    we    liave    alcove    alluded. 
.John  Knox — himself  a  native  of  East 
I>)thian — explicitly  set   forth    in  his 
first  *  i5<jok  of  Discipline' — "That  every 
several  kirke  have  ane  schoolmaister    ' 
apixjintol,''  "able  to  teach  granmiar 
and  the  I-atin  tongue,  if  the  town  Ik*    i 
i»f  any  reputiition  ;''  and  if  an  upland 
t«»wn,    then   a  nsuler  was  to  l)e  a|>- 
pfint*-!!,  or  the  minister  himself  must 
attend  to  the  instniction  of  the  chil- 
dnn   an«l   youth   of  the   iwrish.     It    t 
was  also  enjoined  that  "provision  he    I 
nuuie  for  the  attendance  of  tho»*e  that 
U*  |*«on%  and  not  able  by  themselves    ; 
nor  their  friends  to  Ik*  siistainetl  at    i 
lett^Tsf    "for   this,**    it    WiW   a«lded,    ' 
"must  Ix?  can-fully  providwl,  that  no    I 
Cither,   of  wliat   («tate   or   comlition    j 
that  ever  he  may  be,  use  his  children 
at  his  nwn  t^tntasie,  especially  in  their    i 
youthhc'adi  ;  but  all  must  l)e  com[)elle<l    | 
to  bring  up  their  chiUlren  in,  learning 
aini  virtue.**     During  the  troubU*s  in 
wliidi  Sei»tLiiHl  was  inv(»lvc^l,  alm<ftit 
down    to    the    devolution    of    DJ88, 


altlwugh  attempts  were  made  to  esta- 
blish a  school  in  every  parish,  they 
seem  to  have  been  attended  with 
comjxiratively  small  results;  but  at 
length,  in  1696,  the  Scottish  Parlia- 
ment was  enabled,  with  the  concur- 
rence of  William  of  Orange,  to  put  in 
force  the  Act  of  that  year,  which  is 
regardeil  as  the  charter  of  the  parish- 
school  system  hi  Scotland.  It  is  there 
ordained  "  that  there  be  a  school  set- 
tleil  and  established,  and  a  school- 
nuister  apjH)inte<l  in  every  jiarish  not 
alrt»a<ly  provided,  by  advice  of  the 
heritors  and  minister  of  the  jiarish." 
The  conse<pience  was,  tliat  the  parish 
schof»ls  of  Scothmd,  working  steadily 
ujion  the  rising  generation,  all  of 
whom  |Kisse«l  under  the  hands  of  the 
parish  t<^'acher8  during  the  preceding 
half-century,  had  l)een  training  a 
j)opulation  whose  intelligence  was 
gresitly  in  lulvance  of  their  nuiterial 
condition  as  a  jieople ;  and  it  is  in 
this  circumstance,  we  ai)pn'hend,  that 
the  true  explanation  is  to  be  found  of 
the  nipid  start  forwanl  which  the 
whole  count rj'  now  t<x>k,  dating  more 
pjirticularly  from  the  year  1745. 
Agriculture  was  naturally  the  first 
liranch  of  industry  to  exhibit  signs  of 
decided  improvement ;  to  be  s|ieedily 
followeil  by  like  advances  in  manufac- 
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taken  from  the  parish  school  at  that  age,  but  his  friends 
had  not  made  up  their  minds  as  to  the  steps  they  were 
to  adopt  wth  reference  to  his  further  education.  The 
boy,  however,  found  abundant  employment  for  himself 
with  his  tools,  and  went  on  model-making ;  but  feeling 
that  he  was  only  playing  at  work,  he  became  restless 
and  impatient,  and  entreated  his  mother  that  he  might 
be  allowed  to  go  to  Andrew  Meikle's  to  learn  to  be  a 
millwTight.  This  was  agreed  to,  and  he  was  sent  to 
Meikle's  accordingly,  where  he  worked  for  two  years, 
during  which  period  he  learnt  one  of  the  most  valu- 
able parts  of  education — the  use  of  his  hands.  He 
seemed  to  overflow  with  energy,  and  was  ready  to  work 
at  anything  —  at  smith's  work,  carpenters  work,  or 
millwork ;  taking  most  pleasiu-e  in  the  latter,  in  which 
he  shortly  acquired  considerable  expertness.  Having 
the  advantage  of  books — limited  though  the  literature 
of  mechanism  w^as  in  those  days — he  studied  the  theory 
as  w^ell  as  the  practice  of  mechanics,  and  the  powers  of 
his  mind  became  steadily  strengthened  and  developed 
with  application  and  self-culture. 

At  the  end  of  tw^o  years  his  fiiends  determined  to 
send  him  to  the  burgh  school  of  Dunbar,  one  of  that 
valuable  class  of  seminaries  directed  and  maintained  by 
the  magistracy,  which  have  been  established  for  the  last 
hundred  years  and  more  in  nearly  every  town  of  any 
importance   in  Scotland.^      Dunbar   High   School  was 


tures,  commerce,  and  sLipjung.  In- 
(leeil,  from  that  time,  the  country  never 
looked  Uick,  but  lier  progress  went  on 
at  a  constantly  accelerating  rate,  issu- 
ing in  n«ult{i  as  marvellous  as  they 
have  probably  been  unequalled. 

*  The  origin  of  wliatare  technically 
termal  "  Gnimmar  Schools  "  in  Scot- 
land, is  involved  in  considerable  ob- 
scurity. They  aR*,  for  the  most  jMirt, 
of  ancient  foundation,  and  are  sup- 
})08ed  to  have  been  endowed  by  gener- 
ous individuals,  wlio  vested  in  some 
public  body,  usually  the  borough  cor- 


lx)ration,  sums  of  money  for  the  pui^ 
pose  of  educating  the  youth  of  the 
towns  in  wliich  they  are  established. 
The  money  or  projierty  so  devised 
was  legally  termed  a  "  mortification." 
Many  of  such  bequests  were  made  in 
the  remote  times  when  Scotland  was  a 
Cathohc  nation.  John  Knox  himself 
was  educated  at  the  Grammar  School 
of  Haddington,  near  to  which  town 
he  was  bom  and  brought  up,  and 
there  he  says  he  learnt  the  elements 
of  the  LAtin  language. 
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then  a  seminary  of  considerable  celebrity.  Mr.  Gibson, 
the  mathematical  master,  was  an  excellent  teacher,  fiill 
of  love  and  enthusiasm  for  his  profession ;  and  it  was 
principally  for  the  benefit  of  his  discipline  and  instruc- 
tion that  young  Rennie  was  placed  under  his  charge. 
The  youth,  on  entering  this  school,  possessed  the  advan- 
tage of  being  fully  impressed  with  a  sense  of  the  practical 
value  of  intellectual  cultiu-e.  His  two  years'  service  in 
Meikle's  workshop,  while  it  trained  his  physical  powers 
had  also  sharpened  his  appetite  for  knowledge,  and 
he  entered  upon  his  second  course  of  instruction  at 
Dtmbar  with  the  disciplined  powers  almost  of  a  grown 
man.  lie  had  also  this  advantage,  that  he  prosecuted 
his  studies  there  \vith  a  definite  aim  and  purpose,  and 
with  a  determinate  desire  to  master  certain  special 
branches  of  education  required  for  the  successful  pur- 
suit of  his  intended  business.  Accordingly,  we  are  not 
surprised  to  find  that  in  the  course  of  a  few  months  he 
outstripped  all  his  schoolfellow^s  and  took  the  first  place 
in  the  school.  A  curious  record  of  his  proficiency  as  a 
scholar  is  to  be  found  in  a  work  by  one  Mr.  David  Loch, 
Ins|)ector-General  of  Fisheries,  published  in  1779.  It 
was  his  duty  to  hold  a  court  of  the  hemng  skippers  of 
Dunbar,  then  the  principal  fishing-station  on  the  east 
cnast ;  and  it  appears  that  at  one  of  his  visits  to  the 
town  he  attended  an  examination  of  the  burgh  schools, 
and  was  so  much  pleased  with  the  proficiency  of  the 
pupils  that  he  makes  special  mention  of  it  in  his  book.^ 


•  Aft<»r  8i)€ftking  of  the  teachers  of 
I^itiii,  Kii'^linh,  and  arithmetic,  he 
p<-«  (HI  to  wiy:  "Hut  Mr.  (iiljson, 
tmrher  of  niatheiimtics,  afforded  a 
inon-  itiiiHpicuouH  proof  of  hia  abili- 
tiiii,  hy  tilt'  precisiou  and  clearness  of 
hin  nuiiiiier  in  stating  the  (juestions 
whirli  he  put  to  the  scholars;  and 
thviT  cx>rrfct  and  spirited  answers  to 
hii«  )>n»|MMiti4ins,  and  their  clear  de- 
iiM/iiKtniticHis  of  Ids  |)roblems,  afforded 
the  hij^hest  satisfaction  to  a  numerous 
<itiilH*iiee.     Ami  here   I  must   notice 


in  a  jiarticular  manner  the  singular 
proficiency  of  a  young  man  of  the 
name  of  Kennie :  he  was  intended  for 
a  millwright,  and  was  breeding  to 
that  business  under  the  famous  Mr. 
Meikle,  at  Linton,  I'^t  Lothian ;  he 
hiui  not  then  attended  Mr.  Gibson  for 
the  mathematics,  <&c.,  much  more 
than  six  months,  but  on  his  examina- 
tion he  discovered  such  amazing 
power  of  genius,  that  one  would  liave 
imagineil  him  a  second  Newton.  No 
problem  was  too  hanl  for  him  to  de- 
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Rennie  remained  with  Mr.  Gibson  for- about  two 
years.  During  that  period  he  went  as  far  in  mathematics 
and  natural  i)hilosopliy  as  liis  teacher  could  carry  him, 
after  which  he  again  proposed*  to  return  to  Meikle's 
workshop.  But  at  this  time  the  mathematical  master 
was  promoted  to  a  higher  charge — the  rectorship  of  the 
High  School  of  Perth — and  a  question  arose  as  to  the 
appointment  of  his  successor.  The  loss  to  the  town  wa« 
felt  to  be  great,  and  Mr.  Gibson  was  pressed  by  the 
magistrates  to  point  out  some  pei'son  whom  he  thouglit 
suitable  for  tlie  office.  The  only  one  he  could  think 
of  was  his  favoinite  pupil ;  and  though  not  yet  quite 
seventeen  years  old,  he  strongly  recommended  John 
Remiie  to  acce])t  the  appointment.  The  yolmg  man,  how- 
ever, already  beginning  to  be  conscious  of  his  powei's, 
had  fonned  more  extensive  views  of  life,  and  could  not 
entertain  the  idea  of  settling  down  as  the  "  dominie  "  of 
a  burgh  school,  respectable  and  responsible  though  that 
office  must  be  held  to  be.  He  accordingly  declined  the 
honour  which  the  magistmtes  proposed  to  confer  upon 
liim,  but  agreed  to  take  charge  of  the  mathematical 
classes  until  Mr.  Gibson's  successor  could  be  appointed. 
He  continued  to  carrv  on  the  classes  for  about  six  weeks, 
and  conducted  them  so  satisfactorily  that  it  was  matter 
of  much  regret  when  he  left  the  school  and  returned  to 
his  family  at  Phantassie  for  the  purpose  of  prosecuting 
his  intended  profession. 

At  home  he  pursued  the  study  of  his  favourite 
branches  of  instniction,  more  particularly  matliematics, 
mechanics,  and  natuml  philosophy,  frequenting  the  work- 
shop of  his  friend  Meikle,  assisting  him  with  his  plans, 

monstrate.  With  a  clear  lu>a<l,  a  dc-  \  tation,  &c.,  in  a  masterly  and  con- 
cent addR»8s,  and  a  distinct  delivery,  |  vincing  manner,  so  that  every  person 
his  master  could  not  proi)08e  a  ques-  I  present  admired  sucli  an  uncommon 
tion,  either  in  natural  or  exix'rimental  ;  stock  of  knowledge  amassed  at  his 
philosophy,  to  which  he  j^^ave  not  a  i  time  of  life.  If  this  young  man  is 
clear  and  ready  solution,  and  alst»  the  ,  sparetl,  and  continues  t<»  proHcciite  his 
reasons  (jf  the  eoimection  U'tw^vn  studies,  he  will  do  grtwt  honour  ti» 
causes  and  eireets,  the  lower  of  gnivi-  ,  his  c«)untry.'" 
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aiul  taking  an  especial  interest  in  the  invention  of  the 
thraHlu'npf-machine,  which  Meikle  was  at  that  time  era- 
ployed  in  bringing  to  completion.  He  was  also  entrusted 
to  su|x)rintond  the  repairs  of  corn-mills  in  cases  where 
Meikle  could  not  attend  to  them  himself;  and  he  was 
S4.»nt,  on  several  occasions,  to  erect  machinery  at  a 
(•onsiderable  distance  from  Prestonkirk.  Rennie  thus 
piine<l  much  valuable  exiDcrience,  at  the  same  time  that 
he  acquired  confidence  in  his  owti  powei-s;  and  before 
the  end  of  a  year  he  began  to  underfcike  millwork  on 
his  own  account.  His  brother  George  was  already  well 
known  as  a  clever  fanner,  and  this  connection  helped 
the  yoimg  millwTight  to  as  much  emplo^Tiient  in  his 
<»wn  neighl)ourhood  as  he  desired.  Meikle  was  also 
ivady  to  reconnnend  him  in  cases  where  he  could  not 
acix'pt  the  engagements  offered  in  distant  counties; 
and  henee,  Jis  early  as  1780,  when  Rennie  was  only 
nineteen  years  of  age,  we  find  him  employed  in  fitting 
up  the  new  mills  at  Invergowrie,  near  Dundee.  He 
designed  the  machinery  as  well  as  the  buildings  for  its 
riH^eption,  sind  superintended  them  to  their  completioiL 
His  next  work  was  to  prepare  an  estimate  and  design 
fi»r  the  repairs  of  Mr.  Aitcheson's  flour-mills  at  Bon- 
nington,  near  Edinburgh.  Here  he  employed  cast  iron 
pinii»ns,  instead  of  the  wooden  tnmdles  formerly  used : 
one  of  the  first  attempts  made  to  introduce  iron  into 
this  [Kirtion  of  the  miichinerv  of  mills. 

These,  his  first  essays  in  design,  were  considered  very 
successful,  and  they  brought  him  both  fame  and  emolu- 
ment. Business  flowed  in  U|X)n  him,  and  l)efore  the  en<I 
of  his  nineteenth  year  he  had  as  much  employment 
as  hv  eould  comfortably  get  through.  Hut  he  had  no 
intention  of  confining  himself  to  the  business  of  a  country 
millwright,  however  extensive,  aiming  at  a  higher 
professional  |M>siti(»n  and  a  still  wider  fii'ld  of  work. 
lK*>in»us,  therefore,  of  atlvancing  himself  in  scientific 
cultun?  and  pnweiHiting  the  studies  in  mechanic-al  philo- 
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sopliy  which  he  liad  bcgim  at  Pliantassie  and  pursued 
in  the  bnrg^h  school  at  Dunbar,  he  determined  to  place 
himself  at  tlie  University  of  Edinburgh,  then  a  semi- 
nary of  rising  celebrity.  In  taking  this  step  he  fonned 
the  resolution — by  no  means  unusual  amongst  yoinig 
men  of  his  country  inspired  by  a  laudable  desire  for 
self-improvement — of  su])porting  himself  at  college  en- 
tirely by  his  own  labour.  He  was  persuaded  that  by 
diligence  and  assiduity  he  would  be  enabled  to  earn 
enough  during  the  summer  months  to  pay  for  his 
winter  s  instmction  and  maintenance ;  and  his  habits 
being  frugal,  and  his  style  of  living  very  plain,  he  was 
enabled  to  prosecute  his  design  without  difficulty. 

He  accordingly  matriculated  at  Edinburgh  in  No- 
vember, 1780,  and  entered  the  classes  of  Dr.  Robison, 
Professor  of  Natuml  Philosophy,  and  of  Dr.  Black, 
Professor  of  Chemistry ;  both  men  of  the  highest  dis- 
tinction in  their  resj)ective  w^alks.  Robison  was  an 
eminently  prepossessing  person,  frank  and  lively  in 
manner,  full  of  fancy  and  humour,  and,  though  versa- 
tile in  talent,  a  profomid  and  vigorous  thinker.  His 
vaiied  experience  of  life,  and  the  thorough  knowledge 
which  he  had  acquired  of  the  principles  as  well  as  the 
practice  of  the  mechanical  ai-ts,  proved  of  great  use  to 
him  as  an  instructor  of  youth.  The  state  of  physical 
science  was  then  at  a  very  low  ebb  in  this  country,  and 
the  labours  of  Continental  philosophers  were  but  little 
known  even  to  those  who  occupied  the  chairs  in  our 
universities ;  the  results  of  their  elaborate  researches 
lying  concealed  in  foreign  languages,  or  being  known,  at 
most,  to  a  few  inquirers  more  active  and  ardent  tlian 
their  fellows ;  whilst  the  general  student,  mechanic,  and 
artisan  were  left  to  draw  their  principal  information 
from  the  ancient  but  ordinary  springs  of  observation  and 
daily  exixirience. 

Under  Dr.  Robison  the  study  of  natural  philosophy  be- 
aune  invested  witli  unusual  significance  and  importance. 
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The  range  of  his  knowledge  was  most  extensive  :  he  was 
familiar  with  the  whole  circle  of  the  accurate  sciences, 
and  in  imparting  information  his  miderstanding  seemed 
to  work  with  extraordinary  energy  and  rapidity.  The 
labom^  of  others  rose  in  value  under  his  hands,  and  new 
views  and  ingenious  suggestions  never  failed  to  enliven 
his  prelections  on  mechanics,  hydrodynamics,  astronomy, 
optics,  electricity,  and  magnetism,  the  principles  of  which 
he  unfolded  to  his  pupils  in  language  at  once  fluent, 
elegant,  and  precise.  Lord  Cockbum  remembers  him  as 
somewhat  remarkable  for  the  humour  in  which  he  in- 
dulged in  the  article  of  dress.  "  A  pigtail  so  long  and 
thin  that  it  curled  far  down  his  back,  and  a  pair  of  huge 
bhie  worsted  hose,  without  soles,  and  covering  the  hmbs 
from  the  heel  to  the  top  of  the  thigh,  in  which  he  both 
walked  and  lectured,  seemed  rather  to  improve  his  wise 
elephantine  head  and  majestic  person."  He  delighted 
in  holding  familiar  intercourse  with  his  pupils,  whom  he 
charmed  and  elevated  by  his  brilliant  conversation  and 
his  large  and  lofty  views  of  life  and  philosophy.  Rennie 
was  admitted  freely  to  his  delightful  social  influence, 
and  to  the  close  of  his  career  he  was  accustomed  to  look 
l*ack  upon  the  {)eriod  which  he  spent  at  Edinburgh  as 
amongst  the  most  profitable  and  instructive  in  his  life. 

During  his  college  career  Rennie  carefully  read  the 
works  of  Emerson,  Switzer,  Maclaurin,  Belidor,  and 
(Jravesande,  allowing  neither  pleasure  nor  society  to 
<livert  him  from  his  Hue  of  study.  As  a  relief  from 
graver  topics,  he  set  himself  to  leani  the  French  and 
(iennan  languages,  and  was  shortly  enabled  to  read  both 
with  ease.  His  recreation  was  mostly  of  a  solitary  cha- 
racter, and,  having  a  little  taste  for  music,  he  employed 
w»me  of  his  leisure  time  in  learning  to  play  upon  various 
instnmients.  He  acquired  considerable  proficiency  on 
the  tlute  and  the  vioh'n,  and  he  even  went  so  far  as  to 
buy  a  |xiir  of  bagpiix?s  and  learn  to  play  u{X)n  them, 
though  the  selection  of  such   an   instnunent  prol>ably 
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does  not  say  much  for  his  musical  taste.  When  he  had 
left  Edinburgh,  however,  and  entered  seriously  upon  tlie 
business  of  life,  the  extensive  nature  of  his  engagements 
so  completely  occupied  his  time  tliat  in  a  few  years,  flute, 
fiddle,  and  bagpipes  were  laid  aside  altogether. 

During  the  three  years  that  he  attended  college,  our 
student  was  busily  occupied  in  the  summer  vacation — 
extending  from  the  beginning  of  May  to  the  end  of 
October  in  each  year — in  executing  millwork  in  various 
parts  of  the  country.  Amongst  the  imdertakings  on 
which  he  was  thus  employed,  may  be  mentioned  the 
repair  or  construction  of  the  Kirkaldy  and  Bonnington 
Flour  Mills,  Proctor  s  Mill  at  Glammis,  and  the  CaiTon 
Fomidry  Mills.  When  not  engaged  on  distant  works, 
his  brother  George's  house  at  Phantassie  was  his  head- 
quartei's,  where  he  prepared  his  designs  and  specifications. 
He  had  the  use  of  the  workshop  at  Houston  Mill  for 
making  such  machinery  as  was  intended  for  erection  in 
the  neighbourhood ;  but  when  he  was  employed  at  some 
distant  point,  the  work  was  executed  in  the  most  con- 
venient places  he  could  find  for  the  purpose.  There 
were  as  yet  no  large  manufactories  in  Scotland  where 
machinery  of  an  important  character  could  be  turned  out 
as  a  whole ;  the  millwright  being  mider  the  necessity  of 
sending  one  portion  to  the  blacksmith,  another  to  the 
founder,  another  to  the  brass-smith,  and  another  to  the 
carpenter, — a  statQ  of  things  involving  a  great  deal  of 
trouble  and  often  risk  of  failure,  but  which  was  eminently 
calculated  to  familiarize  our  yomig  engineer  with  the 
defciils  of  every  description  of  work  required  in  the 
practice  of  his  profession. 

His  college  training  having  ended  in  1 783,  and  being 
desirous  of  ac(piiring  some  knowledge  of  English  en- 
gineering ]nactice,  Kennie  set  out  upon  a  tour  in  the 
manufacturing  districts.  Brindley's  reputation  attracted 
hiin  first  towards  Ijancashire  for  the  puii)ose  of  inspecting 
the  works  of  the  Bridge  water  Canal.     There  being  no 
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stage  coaches  convenient  for  his  purpose,  he  travelled  on 
horseback,  and  in  this  way  was  enabled  readily  to 
diverge  fix)m  his  route  for  the  purpose  of  visiting  any 
stnictiu^  more  interesting  than  ordinary.  At  Lancaster 
he  inspected  the  handsome  bridge  across  the  Lune,  then  in 
course  of  construction  by  Mr.  Harrison,  afterwards  more 
celebrated  for  his  fine  work  of  Chester  Gaol.  At  Man- 
chester he  examined  the  works  of  the  Bridgewater  Canal ; 
and  at  Liverpool  he  visited  the  docks  there  in  progress. 

Proceeding  by  easy  stages  to  Birmingham,  then  the 
centre  of  the  mechanical  industry  of  England,  and  dis- 
tinguished for  the  ingenuity  of  its  workmen  and  the 
iTn|>ortance  of  its  maimfactures  in  metal,  he  took  the 
opportunity  of  ^^8iting  the  illustrious  Boulton  and  Watt 
at  Soho.  His  friend,  Dr.  Robison,  had  furnished  him 
witli  a  letter  of  introduction  to  James  Watt,  who  received 
the  young  engineer  kindly  and  showed  him  every  atten- 
tion ;  and  a  friendship  then  began  which  lasted  liiitil  the 
clo«e  of  Watt's  life. 

The  condensing  engine  had  by  this  time  been  brought 
into  an  efficient  working  state,  and  was  found  capable 
not  only  of  pumj)ing  water — almost  the  only  purpose  to 
which  it  had  fonnerly  been  applied — but  of  driving  ma- 
(Oiinery,  though  whether  with  advantageous  results  was 
still  a  matter  of  doubt.  Thus,  in  November,  1782,  Watt 
wrote  to  his  ]>artner  Boulton,  "  There  is  now  no  doubt 
but  that  fire-engines  will  drive  mills,  but  I  entertain 
some  doubts  whether  anything  is  to  be  got  by  them."  * 
AlK)ut  the  beginning  of  March,  1783,  however,  a  com- 
I«uiy  was  formed  in  London  for  the  purjx^se  of  erecting 
a  large  corn-mill,  to  be  driven  by  one  of  Boulton  and 
Watt's  steam-engines,  and  the  work  was  in  progi-ess  at 
the  time  Kennie  visited  Soho.  Watt  had  nmch  con- 
verwition  with  his  visitor  on  the  subject  of  corn-mill 
macliinen',  and  was  gratified  to  learn   the  extent  and 

»  MiiirhcaurB  •Oripn  and  Pro-^ress  of  the  Mechanical  Invcntiuns  of  James 
WjiU/  %ol.  ii.,  p.  105. 
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accuracy  of  liis  infonnation.  He  seems  to  have  been 
provoked  beyond  measure  by  the  incompetency  of  his 
own  woi*kmen.  "  Our  millwrights,"  he  wrote  to  his 
partner,  "  have  kept  working,  w^orking,  at  the  corn-mill 
ever  since  you  went  aw^ay,  and  it  is  not  yet  finished ; 
but  my  patience  being  exhausted,  I  have  told  them  that 
it  must  be  at  an  end  to-morrow^,  done  or  undone.  There 
is  no  end  of  millwrights  once  you  give  them  leave  to  set 
about  w^hat  they  call  machinery  ;  here  they  have  multi- 
plied w^heels  upon  w^icels  imtil  it  has  now  almost  as 
many  as  an  orrery."  ^ 

Watt  himself  had  but  little  knowledge  of  milhvork, 
and  stood  greatly  in  need  of  some  able  and  intelligent 
millwright  to  take  charge  of  the  fitting  up  of  the  Albion 
Mills.  Young  Rennie  seemed  to  him  at  the  time  to  be 
a  very  likely  person ;  but,  with  characteristic  caution, 
he  said  nothing  of  his  intentions,  but  determined  to 
write  privately  to  his  friend  Robison  upon  the  subject, 
requesting  particularly  to  know  his  opinion  as  to  the 
young  man's  qualifications  for  taking  the  superintend- 
ence of  such  important  works.  Dr.  Robison's  answer 
was  most  decided ;  his  opinion  of  Rennie's  character  and 
ability  was  so  favourable,  and  expressed  in  so  confident 
a  tone,  that  Watt  no  longer  hesitated ;  and  he  shortly 
after  wTote  to  the  yoimg  engineer,  when  he  had  returned 
home,  inviting  him  to  undertake  the  supervision  of  the 
proposed  mills,  so  far  as  concerned  the  planning  and 
erection  of  the  requisite  machinery. 

Watt's  invitation  found  Rennie  in  full  employment 
again.  He  w\as  engaged  in  designing  and  erecting 
mills  and  machinery  of  various  kinds.  Amongst  his 
earlier  works,  we  also  find  him,  in  1784,  when  only 
in  his  twenty-third  year,  occupied  in  superintending 
the  building  of  his  first  bridge — ^the  humble  forerunner 
of  a  series  of  structures  which  have  not  been  surpassed 


*  Muirh«nl,  vol.  ii.,  p.  177. 
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in  any  age  or  country.  His  earliest  building  of  this 
kind  was  erected  for  the  trustees  of  the  county  of 
Mid-Lothian,  across  tlie  Water  of  Leith,  near  Steven- 
house  Mill,  about  two  miles  west  of  Edinburgh.  It  is 
the  first  bridge  on  the  Edinburgh  and  Glasgow  turnpike 
rosid. 


KfclNNIE'S    FiliST  BRIDGE 
[By  H    P    Leiich.  after  a  Sk.  u.b  by  J.  S.  Smik«  ] 


Notwithstanding  the  extent  of  his  engagements  and 
the  i>ros|x;ct  of  remunerative  employment  which  was 
(»[>ening  up  l)efore  him,  Rennie  regjirded  the  invitation 
of  Watt  as  too  favourable  an  opportunity  for  enlarging 
his  exijcrience  to  be  neglected,  and,  after  due  delibera- 
tion, he  wrote  back  accepting  the  appointment.  He 
proceeded,  however,  to  finish  the  works  he  had  in  hand ; 
after  wliich,  taking  leave  of  his  friends  and  home  at 
J^hantassie,  he  set  out  for  Binningham  on  the  19th 
f»f  »Septeml>er,  1784.  He  remained  there  two  months, 
during  which  he  enjoyed  the  closest  jxjrsonal  inter- 
course with  Watt  and  lifjulton,  and  was  freely  admitted 
to  their  works  at  Soho,  which  had  aheady  become  the 
m«>st  important  of  their  kind  in  the  kingdom.  Binning- 
liam  was  then  the  centre  of  the  mechanical  industry  of 
England.  For  many  centuries,  working  in  metals  had 
lieen  the  staple  trade  of  the  place.     Swords  were  made 
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there  in  tlie  time  of  the  ancient  Britons.  In  the  reign 
of  Henry  VIII.,  Leland  found  ''  many  smythes  in  the 
town  that  use  to  make  knives  and  all  manner  of  cutting 
tools,  and  many  loriners  that  make  bittes,  and  a  great 
many  nailers ;  so  that  a  great  part  of  the  town  is  main- 
tained by  smythes  who  have  their  iron  and  sea-coal  out 
of  Stxiffordshire." 

The  artisans  of  the  place  thus  had  the  advantage  of 
the  tmining  of  many  generations ;  aptitude  for  handi- 
craft, like  every  other  characteristic  of  a  people,  de- 
scending from  father  to  son  like  an  inheritance.  There 
was  then  no  town  in  England  where  mechanics  were  to 
be  found  so  capable  of  satisfactorily  executing  original 
and  unaccustomed  work,  nor  has  the  skill  yet  departed 
from  them.  Though  there  are  now  many  districts  in 
which  far  more  machinery  is  manufactured  than  in 
Binningham,  the  workmen  of  that  place  are  still  supe- 
rior to  most  others  in  executing  machinery  requiring 
manipulative  skill  and  dexterity  out  of  the  common 
tnick,  and  especially  in  carrying  out  new  designs.  The 
occupation  of  the  people  gave  them  an  air  of  quickness 
and  intelHgence  which  was  quite  new  to  strangers  accus- 
tomed to  the  quieter  aspects  of  rural  life.  When  Hutton 
entered  Binningham,  he  was  especially  struck  by  the 
vivacity  of  the  persons  he  met  in  the  streets.  "  I  liad," 
he  says,  "  been  among  dreamers,  but  now  I  was  among 
men  awake.  Their  very  step  showed  alacrity.  Every 
man  seemed  to  know  and  prosecute  his  own  aflfairs.*' 
He  also  adds,  that  men  whose  former  disposition  was 
idleness  no  sooner  breathed  the  air  of  Birmingham  than 
diligence  became  their  characteristic. 

Kennie  did  not  stand  in  need  of  tliis  infection  being 
communicated  to  him,  yet  he  was  all  the  better  for  his 
contact  with  the  population  of  the  town.  He  made  him- 
self familiar  with  their  processes  of  handicraft,  and, 
being  able  to  work  at  the  anvil  himself,  he  could  fully 
appreciate  the  skill  of  the  Binningham  artisans.     The 
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manufacture  of  steam-engines  at  Soho  chiefly  attracted 
his  notice  and  his  study.  He  had  already  made  himself 
acquainted  with  the  principles  as  well  as  the  mechanical 
details  of  the  steam-engine,  and  was  ready  to  suggest 
improvements,  in  a  very  modest  way,  even  to  Watt 
himself,  who  was  still  engaged  in  perfecting  his*  won- 
derful machine.  The  partners  thought  that  they  saw 
in  him  a  possible  future  competitor  in  their  trade ; 
and  in  tlie  agreement  which  they  entered  into  with  him 
as  to  the  erection  of  the  Albion  Mills,  they  sought  to 
bind  him,  in  express  terms,  not  only  to  abstain  from 
interfering  in  any  way  with  the  construction  and  work- 
ing of  the  steam-engines  required  for  the  mills,  but  to 
prohibit  him  from  executing  such  work  upon  his  own 
account  at  any  fixture  period.  Though  ready  to  give 
Iiis  word  of  honour  that  he  would  not  in  any  way  inter- 
fere with  Watt's  patents,  he  firmly  refused  to  bind  himself 
to  such  conditions ;  being  resolved  in  his  own  mind  not 
to  be  debarred  from  making  such  improvements  in  the 
steam-engine  as  experience  might  prove  to  be  desirable. 
And  on  this  honourable  understanding  the  agreement 
was  concluded ;  nor  did  Reimie  ever  in  any  way  violate 
it,  but  retiiined  to  the  last  the  friendship  and  esteem  of 
iMjth  Watt  and  Boulton. 

On  the  24th  of  November  following,  after  making 
himself  fully  acquainted  with  the  arrangements  of  the 
engines  by  means  of  which  his  machinery  was  to  be 
driven,  our  engineer  set  out  for  London  to  proceed  with 
the  designing  of  the  millwork.  It  was  also  necessary 
that  the  plans  of  the  building — wliich  had  been  prepared 
l>y  Mr.  Samuel  Wyatt,  an  architect  of  reputation  in  his 
(kv — should  undergo  revision ;  and,  after  careful  con- 
sideration, Rennie  made  an  elaborate  report  on  the 
subject,  recommending  various  alterations,  which  were 
approved  by  Boulton  and  Watt,  and  forthwith  ordered 
to  be  carried  into  efiect. 
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CHArTEK   IV. 

The  Albion  Mills — Mr.  Rennie  extensively  employed  as 
AN  Engineer, 

WiiKN  Reiinie  urrived  in  London  in  1785,  the  country 
was  in  a  state  of  serious  depression  in  consequence  of  the 
inisuccessful  termination  of  the  American  War.  Parlia- 
ment was  enoaged  in  defi-aying  the  heavy  cost  of  the 
recent  stnigg'le  witli  the  revoUed  colonies.  The  people 
were  ill  at  ease,  and  g-rnmbled  at  the  increase  of  the 
debt  and  taxes.  The  unruly  population  of  the  capital 
could  with  ditliculty  be  kept  in  order.  The  police  and 
local  government  were  most  inefficient.  Only  a  few 
years  before,  London  had,  during  the  Gordon  riots,  been 
for  several  days  in  the  hands  of  the  mob,  and  blackened 
ruins  in  difterent  parts  of  the  city  still  marked  the  track 
of  the  rioters.  Though  the  largest  city  in  Europe,  the 
population  was  scarcely  more  than  a  third  of  what  it  is 
now  ;  yet  it  was  thought  that  it  had  become  so  vast  as  to 
be  unmanageal)le.  Its  northern  threshold  was  at  Hicks's 
ILill,  in  Clerkenwell.  Somers  To^vn,  Camden  Town, 
and  Tyburnia  were  as  yet  green  fields ;  and  Kensington, 
Chelsea,  Marylebone,  and  liennondsey  w^ere  outlying 
villages.  Fields  and  hedgerows  led  to  the  hills  of  High- 
gate  and  Hampstead.  The  West  End  of  London  was 
a  thinly-inhabited  suburb,  Fitzroy  Square  having  only 
been  commenced  in  1793.  The  westernmost  building 
in  Westminster  was  Millbank,  a  wide  tract  of  marsliy 
ground  extending  opposite  Lambeth.  Executions  were 
conducted  in  Tyburn  fields,  long  since  covered  with  hand- 
some buildings,  down  to  1783.  Oxford  Sti'eet,  from 
Princes  Street  eastward  as  far  as  High  Street,  St.  Giles's, 
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had  only  a  few  houses  on  the  north  side.  ''  I  remember  it," 
8;iy8  Pennant^  "  a  deep  hollow  road  and  full  of  sloughs, 
with  here  and  there  a  ragged  house,  the  lurking-place  of 
cut-throats ;  insomuch  that  I  was  never  taken  that  way 
hy  night,  in  my  hackney-coach,  to  a  worthy  uncle's  who 
gave  me  lodgings  at  his  house  in  George  Street,  but  I 
went  in  dread  the  whole  way."  Paddington  was  '*  in 
the  comitry,"  and  the  communication  with  it  was  kept 
up  by  means  of  a  daily  stage — a  lumbering  vehicle, 
driven  by  its  proprietor — which  was  heavily  dragged 
into  the  city  in  the  moniing,  down  Gray's  Inn  Lane, 
with  a  rest  at  the  Blue  Posts,  Holborn  Bars,  to  give 
passengers  an  opjx)i-tunity  of  doing  their  shopping.  The 
nioniing  journey  was  perfonned  in  two  hours  and  a  half, 
'Sjuick  time,"  and  the  return  journey  in  the  evening  in 
alniut  three  hours. 

Heavy  coaches  still  Imnbered  along  the  country  roads 
at  little  more  than  four  miles  an  hour.  A  new  state  of 
things  had,  however,  been  recently  inaugunited  by  the 
starting  of  the  first  mail-coach  on  Pahner's  plan,  which 
K*g;in  running  between  London  and  Bristol  on  the 
24th  of  August,  1784,  and  the  system  was  shortly  ex- 
tended to  other  places.  Numerous  Acts  were  passed  by 
]*arliament  authorising  the  fonnation  of  turnpike-roads 
liiul  the  erection  of  bridges.^  The  general  commerce 
of  the  country  was  also  making  progress.  The  appli- 
cati<»n  of  recent  inventions  in  manufacturing  industry 
gave  a  stimulus  to  the  general  improvement,  and  tliis 
was  further  helped  by  a  succession  of  favourable  harvests. 
The  India  Bill  had  just  been  renewed  by  Pitt,  and  trade 
with  India  was  brisk.  Besides,  a  commercial  treaty  with 
France  was  on  foot,  from  which  great  things  were  ex- 


»  In  the  interval  between  1784  and  !    Acts    for   carrying   out    measures  of 

ITini,  iK»t  fewer  t)ian  302  Acts  were  drainage,  enclosure,  |avin<r,  and  other 

lux*"*!  authorising  the  construction  of  '    locjil  inipnivcnients — a  suflicieut  indi- 

n«w   nods    and    bridges,   G4   autho-  i    aition  of  the  industrial  activity  of  the 

ni»in;;   the    fornuition   of   canals   and  nation  at  the  tin»e. 
iuirljuuni,   and   still    more   numerous 
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pected ;  althougli  the  outbreak  of  the  Revolution,  which 
shortly  after  took  place,  put  an  end  for  a  time  to  those 
hopes  of  fraternity  and  peaceful  trade  in  which  it  had 
originated.  The  Government  boldly  interposed  to  check 
smuggling,  and  Pitt  sent  a  regiment  of  soldiers  to  bum 
the  smugglers'  boats  laid  up  on  Deal  beach  by  the  severity 
of  the  winter,  so  that  the  honest  traders  might  have  the 
full  benefit  of  the  treaty  with  France  which  Pitt  had 
secured.  Increased  trade  flowed  into  the  Thames,  and 
ministers  and  monarch  indulged  in  drawing  glowing 
pictures  of  prosperity.  When  Pennant  visited  London 
in  1790,  he  found  the  river  covered  with  shipping,  pre- 
senting a  double  forest  of  masts,  with  a  narrow  avenue 
in  mid-channel.  The  smaller  vessels  discharged  directly 
at  the  warehouses  along  the  banks  of  the  river,  whilst 
the  India  ships  of  large  burden  mostly  lay  down  the 
river  as  far  as  Blackwall,  and  discharged  into  lighters, 
which  floated  up  their  cargoes  to  the  city  wharves. 
London  as  yet  possessed  no  public  docks, — only  a  few 
private  ones  of  very  limited  extent, — although  Pennant 
speaks  of  Mr.  Perry's  dock  and  ship-yard  at  Black- 
wall,  on  the  eastern  side  of  the  Isle  of  Dogs,  as  "  the 
greatest  private  dock  in  all  Europe ! "  Another  was  St. 
Saviour's,  denominated  by  Pennant  "  the  port  of  South- 
wark,"  though  it  was  only  thii-ty  feet  wide,  and  used  for 
discharging  barges  of  coal,  com,  and  other  commodities. 
There  was  also  Execution  Dock  at  Wapping,  which  wit- 
nessed the  occasional  despatch  of  seagoing  criminals,  who 
were  hanged  on  a  gallows  at  low-water  mark,  and  left 
there  until  the  tide  flowed  over  their  dead  bodies. 

Among  the  commercial  enterprises  to  which  the  in- 
creasing speculation  of  the  times  gave  birth,  was  the 
erection  of  the  Albion  Mills.  For  the  more  convenient 
transit  of  com  and  flour,  as  well  as  to  secure  a  plentifiil 
supply  of  water  for  engine  purposes,  it  was  determined 
to  erect  the  new  mills  on  the  banks  of  the  Thames,  near 
the  south-east  end  of  Blackfriars  Bridge.     Hand-mills, 
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which  had  in  the  first  place  been  used  for  pounding  wheat 
into  flour,  had  long  since  been  displaced  by  water-mills 
and  windmills ;  and  now  a  new  agency  was  about  to  be 
employed,  of  greater   power   than   either — the  agency 
of  steam.     Fire-engines  had  heretofore  been  employed 
almost  exclusively  in  pmnping  water  out  of  mines ;  but  the 
possibility  of  adapting  them  to  the  driving  of  machinery 
having  been  suggested  to  the  inventive  mind  of  James 
Watt,  he  set  himself  at  once  to   the   solution   of  the 
problem,  and  the  result  was  the  engines  for  the  Albion 
Mills — the  most  complete  and  powerful  which  he  had 
until  then  turned  out  of  the  Soho  manufactory.     They 
consisted  of  two  double-acting  engines,  of  the  power  of 
50  hoi-ses  each,  with  a  pressure  of  steam  of  five  poimds 
to  the  superficial  inch — the  two  engines,  when  acting 
together,  working  with  the  power  of  150  horses.     They 
drove  twenty  paire  of  millstones,  each  four  feet  six  inches 
in  diameter,  twelve  of  which  were  usually  worked  to- 
gether, each  pair  grinding  ten  bushels  of  wheat  per  hour, 
by  day  and  night  if  necessary.    The  two  engines  working 
together  were  capable  of  grinding,  dressing,  &c.,  com- 
plete, 150  busliels  an  hour — by  far  the  greatest  perform- 
ance achieved  by  any  mill  at  that  time,  and  probably  not 
since  surpassed,  if  equalled.     But  the  engine  power  was 
als4>  applied  to  a  diversity  of  other  purposes,  then  alto- 
gether novel — such  as  hoisting  and  lowering  the  com 
and  Hour,  loading  and  unloading  tlie  barges,  and  in  the 
processes  of  farming,  sifting,  and  dreasing — so  that  the 
All)ion  Mills  came  to  be  regarded  as  among  the  greatest 
mechanical  wonders  of  the  day.     The  details  of  these 
\'ariou8  ingenious  arrangements  were  entirely  worked 
out  by  Mr.  Rennie  himself,  and  they  occupied  him  nearly 
four  years  in  all,  having  been  commenced  in  1784,  and 
net  to  work  in  1788.     Mr.  Watt  was  so  much  satisfied 
witli  the  result  of  his  employment  of  Rennie,  that  he 
wnjte  to  Dr.  Robison,  thanking  him  for  his  recommenda- 
tion of  his  young  friend,  and  speaking  in  the  highest 
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temis  of  the  ability  with  which  he  had  designed  aud 
executed  tlie  inillwork  and  set  the  wliole  in  oi)eration. 


TJi:t.   ALBION   J^ir.Ld. 


Amongst  those  who  visited  the  new  mills  and  carefidly' 
inspected  them  was  Mr.  Smeaton,  the  engineer,  who  pro- 
nounced them  to  be  the  most  complete,  in  their  an^ange- 
ment  and  execution,  which  had  yet  been  erected  in 
any  comitry ;  and  though  naturally  an  undemonstrative 
person,  he  cordially  congratulated  Mr.  Rennie  on  his 
success.  The  completion  of  the  Albion  Mills,  indeed, 
marked  an  important  stage  in  the  history  of  mechanical 
improvements ;  and  they  may  be  said  to  have  eflfected 
an  entire  revolution  in  millwork  generally.  Until  then, 
machinery  had  been  constructed  almost  entirely  of 
wood,  and  it  was  consequently  exceedingly  clumsy,  in- 
volving great  friction  and  much  waste  of  power.  Mr. 
Smeaton  had  introduced  an  iron  w^heel  at  Carron  in 
1754,  and  afterwards  in  a  mill  at  Belper,  in  Derbyshire 
— mere  rough  castings,  imperfectly  executed,  and  neither 
chi])pcd  nor  filed  to  any  i)articular  form ;  and  Mr.  Mur- 
dock  (James  Watt's  ingenious  assistant)  had  also  em- 
ployed cast  iron  work  to  a  limited  extent  in  a  mill  erected 
by  him  in  Ayrshire ;  but  these  were  very  inferior  speci- 
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mens  of  iron  work,  and  exercised  no  general  influence 
on  mechanical  improvement.  Mr.  Rennie's  adoption  of 
wrought  and  cast  iron  wheels,  after  a  system,  was  of 
nmch  greater  innx)rtance,  and  was  soon  adopted  generally 
in  all  large  machinery.  Tlie  whole  of  the  wheels  and 
shafts  of  the  Albion  Mills  were  of  these  materials,  with  the 
exception  of  the  cogs  in  some  cases,  which  were  of  hard 
w(xk1,  working  into  others  of  cast  iron ;  and  where  the 
pinions  were  very  small,  they  were  of  wrought  iron.  The 
teeth,  both  wooden  and  iron,  were  accurately  formed  by 
chipping  and  filing  to  the  form  of  epicycloids.  The 
shafts  and  axles  were  of  iron  and  the  bearings  of  brass, 
all  accunitely  fitted  and  adjusted,  so  that  the  power  em- 
ployed worked  to  the  greatest  advantage  and  at  the  least 
}>ossible  loss  by  friction.  The  machinery  of  the  Albion 
Mills,  as  a  whole,  was  regarded  as  the  finest  that  had 
l>een  executed  to  that  date,  foiTning  a  model  for  future 
engineei*s  to  work  by ;  and  although  Mr.  Rennie  exe- 
cuted many  splendid  sjiecimens  in  his  after  career,^  he 


*  Sliortly  afttT  the  completion  of 
tJic«i*  inillH,  Mr.  HtMinie  whs  largely 
o>iij<iilt*'«l  uii  the  subject  of  machinery 
iti  all  knuls.  The  Cor] >orat ions  of 
I>>n«iuu,  h^linlmrgh,  (ihisj;ow,  IVrth, 
an«l  other  pLices,  touk  his  lulvice  as  to 
tiniir-milU.  A;;riculturista  consulteil 
him  aUmt  thrashin«;-n»ills,  millere 
aU»nt  p-in«  ling-mi  I  Is,  an<l  manufac- 
tunra  and  distillers  n'sixxiting  the 
Uttvr  anTingement  of  their  works.  He 
Hiipplie*!  plans  fur  a  steel  Iciul-rolling- 
nnll  for  Messrs.  Locke  and  Co.,  at 
N«'W(3istk-<jn-Tyne ;  he  was  axlUnl  in 
to  n-meily  the  defective  lx>iler-arrange- 
iiHiits  at  Meux  and  Co.'s  brewer)' ; 
lie  julviMil  the  <ioveniment  as  to  the 
l*»wtT  fi>r  working  their  small-arms 
m.inu factory  at  Kntield,and  the  Navy 
l?*«anl  nt*i»ecting  the  ap|)amtUH  for 
blowing  the  forge  at  Tortsmouth.  In 
17*JU  he  inventetl  the  depressing 
»»luice  fur  water-mills,  which  a  (io- 
veniment  engineer,  a  Mr.  Lloyd,  after- 
wanis  bn>ught  out  (in  1807)  as  his 
own  invention,     'i'he  IXin  Navigation 


Comimny's  mills  at  Doncaster  were 
entirely  rebuilt  after  his  designs;  he 
se'nt  plans  of  large  flour-ndlls  to  one 
Don  Diego  at  I^islwn,  and  of  the  ex- 
tensive saw-mills  ea«ctetl  at  Arch- 
angel in  Russia,  in  July,  1798,  he 
was  C4illed  \\\)on  to  examine  the  ma- 
chinery antl  arningements  at  the 
Royal  Mint  on  Tower  Hill.  The  re- 
sult was,  the  cimstruction  of  an  entire 
new  mint,  worktnl  by  steam-jKiwer, 
with  improved  rolling,  cutting-out, 
and  stamping  machinery,  after  Mr. 
Rennie's  clesigns.  The  new  machinery 
was  introduced  between  the  years 
1806  and  1810.  Although  it  has 
now  been  in  use  for  half  a  century, 
it  continues  in  as  efficient  a  work- 
ing state  as  in  the  year  it  was 
erl'ctc^l.  it  is  still  capable  of  turn- 
ing out  fnim  the  metid,  in  each 
<lay  of  twelve  hours,  two  and  a  half 
tuns  of  cYjpjKT,  and  a  ton  ejich  of 
gold  an<l  silver  coin.  The  whole 
process,  as  c:irrie<l  out  by  this  appa- 
ratus, is  extremely  Uautiful  and  efti- 
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himself  was   accustomed  to   say  that  the  Albion  Mill 
macliinery  was  the  father  of  them  all. 

As  a  commercial  enterprise,  the  mills  promised  to  be 
perfectly  successful :  they  were  kept  constantly  employed, 
and  were  realising  a  handsome  profit  to  their  proprie- 
tors, when  mihappily  they  were  destroyed  by  fire  on  the 
3rd  of  March,  1791,  only  three  years  after  liieir  comple- 
tion. Their  erection  had  been  viewed  with  great  hostility 
by  the  trade,  and  the  projectors  were  grossly  calumniated 
on  the  ground  that  they  were  establishing  a  monopoly 
injurious  to  the  public,  which  was  sufficiently  disproved 
by  the  fact  that  the  mills  were  the  means  of  considerably 
reducing  the  price  of  flour  while  tliey  continued  in  opera- 
tion. The  circumstances  connected  with  the  origin  of 
the  fire  were  never  cleared  up,  and  it  was  generally  be- 
lieved at  the  time  that  it  was  the  work  of  an  incendiary. 
Dining  the  night  in  which  the  buildings  were  destroyed, 
Mr.  Rennie,  wlio  lived  near  at  hand,  felt  miaccomitably 
anxious.  A  presentiment  as  of  some  great  calamity 
hung  over  him,  which  he  could  not  explain  to  himself 
or  to  others.  He  went  to  bed  at  an  early  hour,  but 
could  not  sleep.  Seveml  times  he  went  off  in  a  doze, 
and  suddenly  woke  up,  having  dreamt  that  the  mills 
were  on  fire !  He  rose,  looked  out,  and  all  was  quiet. 
He  went  to  bed  again,  and  at  last  fell  into  a  profoimd 
sleep,  from  which  he  was  roused  by  the  cry  of  "  Fire  ! " 
under  his  windows,  and  the  rimible  of  tlie  fire-engines 
on  their  way  to  the  mills !  He  dressed  hastily,  rushed 
out,  and  to  his  dismay  found  his  chef-d'oeuvre  wrapt  in 
flames,  which  brightened  the  midnight  sky.     The  engi- 


cient.  The  cutting-out  and  stamping- 
machines  were  the  invention  of  the 
late  Mattliew  Boulton,  of  Soho,  but 
the  machinery  was  by  Mr.  Kennie. 
On  one  occjision,  in  1819,  a  million 
of  sovereigns  were  turned  out  in  eight 
days !  During  the  great  silver  coinage 
in  1826,  the  eight  presses  tumetl  out, 
for  nine  months,  not  less  than  247,696 


pieces  per  day,  the  rolling  going  on 
day  and  night,  and  the  stamping  for 
fifteen  hours  out  of  every  twenty- 
four.  Mr.  Rennie  also  supplied  the 
machinery  for  the  mints  at  Calcutta 
and  Bombay ;  that  erected  at  the 
former  place  being  capable  of  turning 
out  200,000  pieces  of  silver  in  every 
eight  hours. 
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neer  was  amongst  the  foremost  in  his  efforts  to  extin- 
guish the  conflagration  ;  but  in  vain.  The  fire  had  made 
too  great  progress,  and  the  Albion  Mills,  Rennie's  pride, 
were  burnt  completely  to  the  ground,  and  never  rebuilt. 

The  Albion  Mills,  however,  established  Mr.  Rennie's 
reputation  as  a  mechanical  engineer,  and  introduced  him 
to  extensive  employment.  His  practical  knowledge  of 
masonry  and  carpentry  also  served  to  point  him  out 
as  a  cajmble  man  in  works  of  civil  engineering,  which 
were  in  those  days  usually  entrusted  to  men  bred  to 
practical  mechanics.  There  was  not  as  yet  any  special 
cla«8  trained  to  this  latter  profession,  the  number  of 
persons  who  followed  it  being  very  small ;  and  these 
were  usually  determined  to  it  by  the  strong  instinct  of 
cx)n8tructiv^e  genius.  Hence  the  early  engineers  were 
mainly  self-educated — Smeaton,  like  Watt,  being  origin- 
ally a  mathematical  instrument  maker,  Telford  a  stone- 
nuison,  and  Brindley  and  Rennie  millwrights ;  force  of 
chanicter  and  l>ent  of  genius  enabling  each  to  carve  out 
his  career  in  his  o\\ti  way.  The  profession  of  engineer- 
u\<x  lx?ing  still  in  its  infancy  in  England,  there  was  very 
little  previous  practice  to  serve  for  their  guide,  and  they 
were  ailled  ujx)n  in  many  cases  to  undertake  works  of 
an  entirely  new  character,  in  which,  if  they  could  not  find 
a  road,  they  had  to  make  one.  This  threw  them  upon 
their  own  resources  and  compelled  them  to  be  inventive  : 
it  practised  their  powers  and  disciplined  their  skill,  and 
in  course  of  time  the  habitual  encounter  with  difficulties 
brought  fully  out  their  character  as  men  as  well  as  their 
genius  as  engineers. 

When  the  ruins  of  the  Albion  Mills  had  been  cleared 
away,  Mr.  Rennie  obtained  leave  from  the  owners  to 
erect  a  workshop  upon  a  part  of  the  ground,  wherein  he 
continued  for  the  rest  of  his  life  to  carry  on  the  business 
of  a  mechanical  engineer.  But  from  an  early  period  the 
civil  branch  of  the  profession  occupied  a  considerable 
sliare  of  his   attention,  and  eventually  it  l:>ecame   his 


142  LORD  STANHOPE.  Part  Vll. 

principal  pursuit ;  tliough  down  to  the  year  1788  he  was 
chiefly  occupied  in  designing  and  constinicting  machinery 
for  dye-works,  water-works  (at  London  Bridge  amongst 
others),  flour-mills,  and  rolling-mills,  in  all  of  which 
Boulton  and  Watt's  engine  was  the  motive  power  em- 
})loyed. 

Among  the  friends  whom  Mr.  Rennie's  practical 
abilities  attracted  about  tliis  time,  was  the  eccentric 
but  ingenious  Earl  Stanhope,  who  frequently  visited  his 
works  to  see  what  was  going  on  that  was  new.  His 
Lordsliip  was  one  of  the  l)usiest  mechanical  projectors  of 
his  time,  and  England  owes  him  a  debt  of  gratitude  for 
his  many  vahiable  inventions,  one  of  the  most  useful  of 
whicli  was  the  printing-press  which  bears  his  name, 
lie  also  made  important  improvements  in  the  process  of 
stereotype  jainting ;  in  the  construction  of  locks  and 
cjinals  ;  and  among  his  Hghter  eft'orts  may  be  mentioned 
the  contrivance  of  an  ingenious  machine  for  performing 
arithmetical  o])ei'ati()ns.  lie  especially  delighted  in  the 
society  of  clever  mechanics,  in  whose  art  he  took  great 
pleasure ;  indeed,  he  was  himself  a  first-rate  workman, 
and  it  was  truly  said  of  liim  by  his  father-in-law,  the 
Earl  of  Chatham,  that  ''  Charles  Stanhope,  as  a  carpenter, 
a  blacksmith,  or  millwright,  could  in  any  country  or  in 
any  times  preserve  his  independence  and  bring  up  his 
family  in  lionest  and  industrious  courses,  without  soliciting 
the  bounty  of  friends  or  the  charity  of  strangers/'  Lord 
Stanliope  even  insisted  that  his  children  should  devote 
themselves  to  acquire  an  industrious  culling,  as  he  him- 
self had  done, — l)elieving  that  a  time  of  public  calamity 
was  ap])roaching  (arising  from  the  extension  of  French 
revolutionary  principles  to  England),  which  would  render 
it  necessary  for  them  to  depend  for  their  livelihood  upon 
their  own  personal  labour  and  skill.  Indeed  a  serious 
dithculty  occurred  between  him  and  his  wife  on  this  very 
])()int,  which  ended  in  a  separation ;  and  the  story  went 
abroad  that  the  Earl  was  crazed. 
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The  application  of  the  power  of  the  steam-engine  to 
the  purposes  of  navigation  was  one  of  the  subjects  in 
which  Lord  Stanhope  took  a  more  than  ordinary  interest. 
As  early  as  the  year  1790 — before  Fulton  had  applied 
his  mind  to  the  subject — he  was  in  communication  with 
Mr.  Rennie  as  to  the  best  mode  of  applying  this  novel 
power,  and  in  that  year  he  took  out  his  patent  for  the 
propulsion  of  ships  by  steam ;  but  his  plan,  though 
ingenious,  was  never  carried  into  practical  effect.*  On 
the  2Gth  of  April,  1790,  we  find  Mr.  Rennie,  in  a  letter 
to  the  Earl,  conmiunicating  the  information  which  he 
recjuired  as  to  the  cost  of  applying  Boulton  and  Watt's 
improved  steam-engine  to  his  newly-invented  method  of 
pr<)ix?lling  ships  without  sails.  His  Lordship  had  also,  it 
api)eared,  taken  objection  to  the  space  occupied  by  the 
c<^>n(lensing  apparatus,  and  wished  to  know  whether  it 
could  not  be  dispensed  with,  so  that  room  might  be  econo- 
mized. To  this  Mr.  Rennie  replied  that  it  could,  and 
that  high-pressure  steam  might  be  employed  if  necessary  ; 
also  that  the  cylinders  might  be  used  inclined  or  ver- 
tically, as  best  suited  the  space  available  for  their  ac- 
commodation. His  Lordship  proceeded  to  perfect  his 
invention,  and  made  a  trial  of  its  powers  in  Greenland 
Dock  with  a  flat^bottomed  boat  constructed  for  the  pur- 
\HMH} ;  but  the  vessel  not  moving  with  a  velocity  greater 
than  three  miles  an  hour,  the  plan  was  eventually 
abandoned. 

Shortly  after  the  retirement  of  Mr.  Smeaton  from 
the  profession,  about  the  end  of  the  year  1791,  Mr. 
Rennie  was  considted  respecting  numerous  important 
c:inal  undertakings  projected  in  different  parts  of  the 
cr»untrv ;  amongst  others  were  a  proposed  navigation  to 
connect  Caml)ridge  with  Buiy  St.  Edmunds — another 
l>etween  Andover  and  Salisbury — and  a  third  between 
Reading  and  Bath,  which  was  afterwards  carried  out  by 

'  lie  ailopteil  [<wl<ile8,  plaoe<l  under   I     inaile  to  oi)cn  and  shut  like  the  feet 
tb*'  quartcni  of  Ihe  vessel,  wliich  were   |    of  a  duck. 
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him  as  the  Kennet  and  Avon  Canal.  On  this,  his  first 
work  of  civil  engineering  in  England,  he  bestowed  great 
pains, — on  the  survey,  the  designs  for  the  viaducts  and 
bridges,  as  well  as  on  the  execution  of  the  works  them- 
selves. 

The  Kennet  and  Avon  Canal  commences  at  Newbury, 
at  the  head  of  the  River  Kennet  Navigation,  passes  up 
the  vale  of  the  Kennet  for  16i  miles,  by  Hungerford  to 
Crofton,  where  the  summit  level  begins,  which  is  reached 
by  31  locks,  rising  in  all  210  feet.  It  then  proceeds  by 
Burnslade,  Wootton  Rivers,  and  the  valley  of  the  Pewsey, 
to  Devizes;  and  from  Devizes  by  Foxhanger,  Seming- 
ton,  Bradford,  and  the  vale  of  the  Avon  to  Bath,  joining 
that  river  just  above  the  Old  Bath  Bridge,  where  the 
navigation  from  Bristol  terminates.  The  total  length  of 
the  canal  is  57  miles,  the  total  descent  on  the  west  side 
of  the  summit  being  404  feet  G  inches,  divided  into 
48  locks.  The  Kennet  is  crossed  several  times, — at 
Hungerford  by  a  brick  aqueduct  of  three  arches.  At 
the  summit  a  tunnel  500  yards  in  extent  was  neces- 
sary, approached  by  deep  cuttings.  The  strata  between 
Wootton  Rivers  and  Devizes  being  mostly  open  chalk 
and  sand,  great*  difficulty  was  experienced  in  forming  a 
water-tight  bed  for  the  canal,  as  well  as  in  preventing 
slips  of  the  adjacent  ground.  At  that  part  of  the  line 
which  lies  between  the  river  Biss  and  Trowbridge,  the 
works  were  carried  along  the  face  of  a  steep  slippery  hill. 
Then  near  Bradford  the  cutting  is  mostly  through  open 
rock,  and  beyond  that  through  beds  of  tough  clay  in- 
tersj3ersed  with  strata  of  fuller  s  earth.  The  water  at 
these  points  worked  serious  mischief,  for  after  a  heavy 
fall  of  rain  it  would  filter  through  the  earth,  and  the 
weight  of  the  mass  pressing  down  from  above,  tended 
to  force  out  the  soft  clay,  causing  extensive  slips.  On 
one  occasion  not  less  than  seven  acres  of  land  slid 
into  the  ciinal,  forcing  tlie  whole  down  into  the  river  in 
the  valley  below.     To  remedy  this  source  of  mischief, 
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Hnij^hs  or  small  tunnels  were  carried  into  the  hillside  for 
a  c-onHiderable  distiince,  at  a  level  much  below  that  of  the 
ctiiial.  These  again  were  crossed  by  other  intercepting 
dniins,  so  that  niunei'ous  distinct  outlets  were  provided 
for  the  filter  to  prevent  its  reaching  the  canal  works, 
which  were  thus  made  to  stand  after  great  difficulties 
luul  been  overcome  and  much  expense  incurred.  Besides 
these  works,  there  were  the  usual  bridges,  aqueducts, 
<-ulvert8,  &c.,  all  of  which  were  executed  in  a  substantial 
and  Kitisfactor}'  manner.  Among  the  finest  architectural 
structures  fonuing  part  of  the  canal  is  the  aqueduct 
over  the  river  Avon,  about  a  mile  from  Limpley  Stoke 
and  six  nn'les  from  Rith,  which  is  greatly  admired  for 
th<*  U*auty  of  its  elevation;  and  indeed,  wherever  there 
is  an  a(|ueduct  or  a  bridge  upon  the  line  of  this  canal,  it 
will  lie  found  excellent  in  workmanship  and  tasteful  in 
tlesign.  Asa  whole,  the  navigation  was  pronounced  to 
l»e  one  of  the  l)est  executed  in  the  kingdom;  and  the 
works  liave  Kt<^K>d  admirably  down  to  the  present  time. 
Ill  a  commercial  and  national  point  of  view  the  under- 
taking wjis  of  great  importance,  connecting  as  it  did  tha 
iiavig-ation  of  the  metropolis  with  that  of  Bristol  and  St. 
George's  Channel,  as  well  as  opening  up  an  extensive 
ifiteniieiliate  district ;  and  it  eventually  proved  highly 
reiaunenitive  to  the  proprietors. 

Another  im|)ortant  hne  of  navigation,  on  wliich 
Mr.  Jiennie  was  shortly  after  engaged,  was  the  Roclidale 
(  anaK  jmyected  for  the  pur}K)se  of  opening  up  a  direct 
water  communication  between  the  manufacturing  dis- 
tricts of  West  Yorkshire  and  South  Lancashire,  to  avoid 
llie  circuitous  route  of  the  Leeds  and  LiveriKK)!  Canal. 
The  main  line  extended  from  the  Duke  of  Bridgewater's 
(*anal  at  Mancliester,  by  Rocli<lale  and  Todmorden,  to 
tin-  rivfT  (aider  at  Sowerljy  Bridge,  a  distance  of  .*J1| 
iiul<'.s  witli  a  l»rancli  to  join  the  Leeds  and  LiveiiKHjl 
Caiuil  at  Wanless,  and  other  branches  to  Bury  and 
Bolton.     From  the  niggeil  nature  of  the  country  over 
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whicli  the  canal  had  to  be  carried — having  to  be  lifted 
from  lock  to  lock  over  the  great  mountain-ridge  known 
as  "  tlic  backbone  of  England " — few  works  have  had 
greater  pliysical  obstacles  to  encounter  than  tliis  be- 
tween Eochdale  and  Todmorden.     A  little  before  the 


1,<jC  KS  UK     liib;    lUK-riTJALK  CAN\-\L. 
[By  I'orcival    8kcUon,  after  bis  origiual  Diawiu^J 


traveller  by  railway  enters  the  tunnel  near  Littleborougli, 
on  his  way  between  Manchester  and  Leeds,  he  can 
discern  the  canal  mounting  up  the  rocky  sides  of  the 
hills  until  it  is  lost  in  the  distance ;  and  as  he  emerges 
from  the  tunnel  at  its  other  end,  it  is  again  observed 
descending  from  the  hill-tops  by  a  flight  of  locks  down 
to  the  level  of  the  railway.  In  crossing  the  range  at 
one  place,  a  stupendous  cutting,  fifty  feet  deep,  had  to 
be  blasted  through  hard  rock.  In  other  places,  where  it 
chmbs  along  the  foce  of  the  hill,  it  is  overhimg  by 
precipices.  On  the  Yorkshire  side,  at  Todmorden,  the 
valley  grows  narrower  and  narrower,  overhimg  by  steep, 
often  ahnost  jjerpendicular,  rocks  of  millstonc-grit,  with 
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room,  ill  many  parts,  for  only  the  water-way,  the  tmii- 
])ike  road,  and  tlie  little  river  Calder  in  the  bottom  of 
the  nixdne.     At  some  points,  where  space  allowed,  there 
were  mills  and  manufaeturiiif^  establishments  jealous  of 
their  water-supply,  which  the  engineer  of  the  line  had 
cjirefully  to  avoid.     It  was   also  necessary   to  provide 
against   the   canal  being  swept  away  by  the  winter  s 
fl(KHls  of  the  Calder,  which  rushed  down  with  immense 
violence  from  Blackstone  Edge.    Large  reservoii*s  had  to 
l»e  carefully  contrived  to  store  up  water  against  summer 
droughts  for  the  purposes  of  the  navigation,  as  well  as 
to   comj)ensate   the   numerous   mills   along   the   valley 
l>elow.     One  of  these,  fourteen  feet  deep,  was  dug  in  a 
b<»g  on  Blackstone  Edge,  and  others,  of  large  dimen- 
sions, were  formed  at  various  points  along  the  hill-route. 
But  as  these  expedients  were  of  themselves  insufficient, 
[jowerful    steam-engines   were    also    erected    to  pumj) 
Uick  the  lockage  water  into  the  canal  above,  as  well 
siH   into   side-ponds  near  the  locks  to   serve   for  reser- 
voirs, and  thus  economize  the  supply  to  the  greatest 
extent.     No  more   fonnidal)le   difficulties,  indeed,  were 
encountered    by    George    Stephenson,    in    constiiicting 
the  niilway  pissing  by  tunnel  under  the  siime   mnge 
of  hills,  than  were  overcome  by  Mr.  Rennie  in  cany- 
iiig   out    the    works   of  this   great  canal   undertaking. 
Tlie  skill  and  judgment  with  which  he  i)lanned   them 
roHected    the    gi'eatest   credit   on    their   designer;    and 
whcKjver  examines  the  works  at  this  day — even  after 
all   tliat   has  lx?en  accomplished   in   cjinal  and  milway 
engiiK^ering — will  admit  that  the  mark  of  a  master's 
hand  is  unmistakably  stam|X}d  uix>n  them.     The  navi- 
g-ation  was  completed  and  o|X}ned  on  the  21st  of  Decem- 
Ix^^r,  1804;  and  we  need  scarcely  add  that  it  proved  of 
immense  service  to  the  tmde  of  Yorkshire  and  Lanca- 
shiiv, — bringing  im|K)rtant  manufacturing  districts  into 
easy    and     economical     connection    with     each     other, 
enabling  cheap  fuel  io  Ije  brought  to  the  d(M)rs  of  the 
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population  of  the  valleys  along  wliich  it  passed,  placing 
them  in  direct  communication  with  the  markets  of  Man- 
chester and  LiveqDOol,  and,  tlirough  the  latter  port, 
opening  up  a  water  road  to  the  world  at  large. 


I. '.INK    ACi'JbDUiri,    NEAR   LANCASlhU 
[.'^y  lcrciv;il  Skclton    afUjr  Lis  ori&iQal  Prawinjl  ] 


The  Lancaster  Canal  was  another  enterprise  con- 
ducted by  Mr.  llennie  in  the  same  neighbom-hood.  A 
navigable  communication  between  the  coal-fields  near 
AVigan  and  the  lime  districts  about  Lancaster,  Burton, 
and  Kendal,  connecting  these  towns  also  with  the  in- 
tervening country  as  well  as  with  Liverpool,  Man- 
chester, and  the  towns  of  South  Lancashire,  had  long 
been  regarded  as  an  object  of  importance.  A  survey 
had  been  made  by  Mr.  Brindley  as  early  as  1772, 
but  nothing  further  was  done  until  some  twenty  years 
latei*,  when  a  company  was  formed,  with  Mr.  Rennie  as 
engineer.  The  line  surveyed  by  him  commences  near 
AVigan,  and  proceeds  northward  by  Chorley,  Preston,  and 
(Jaistaiig,  to  Luncaslcr,  where,  skirting  the*  east  side  of 
the  town,  and  crossing  the  Lune  by  a  noble  aqueduct,  it 
then  passes  by  liaughluidge  to  it.s  northern  terminus  at 
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Kendal ;  the  total  length  of  the  main  line  being  75|  miles, 
and  the  branches  two  miles  more.  The  aqueduct  over  the 
Lune  is  the  principal  architectural  work  on  the  canal,  con- 
sisting of  five  semicircular  arches  of  75  feet  span  each ; 
the  soffits  being  50  feet,  and  the  surface  of  the  canal 
62  feet  above  the  average  level  of  the  river.  The 
total  length  of  the  aqueduct — which  forms  a  prominent 
feature  in  tlie  landscajie — is  600  feet.  The  whole  is 
biiilt  of  hard  sandstone,  the  masonry  being  in  imitation 
of  rockwork,  the  top  surmounted  by  a  handsome  Doric 
cornice  and  balustiTide.  It  exhibits,  in  fine  combina- 
tion, the  important  qualities  of  strength,  durability,  and 
elegance  in  design  ;  and  even  at  this  day  it  will  bear 
a  favourable  comparison  with  the  best  works  of  its  kind 
in  the  kingdom. 

Mr.  Rennie  continued  throughout  his  life  to  be 
extensively  consulted  as  a  canal  engineer.*  Though 
navigations  were  then  mostly  valued  for  purposes  of 
internal  conmiunication,  he  seems  early  to  have  appre- 
ciated the  uses  of  the  railway,  if  not  as  a  substitute  for 
tliem,  at  least  as  an  adjunct.  Thus,  when  laying  out  a 
new  brancli  of  the  Grand  Trunk  Canal  at  Henley,  in 
tlie  Potteries,  he  recommended  the  addition  of  a  short 
<lescending  railway,  connecting  the  navigation  directly 

'  Thi'  fullowin^  amal  works  of  Mr.  ^    surveyed  by  him,  but  which  were  not 

INrmic    may    Ix*     mcntione*!  : — The  carrie<l  out,  were  these:  a  canal  throuj^li 

AUnleen    an«l    Invenirie,    12    miles  the  Weald  of  Kent  (1802-3);  a  shij)- 

U*ii\l,  L»i<l  out  and  constructe<l  by  l»im  |    canal  K'twwn  the  Thames  and  Ports- 

ifi  l71H*)-7  ;  the  ('alder  IJew^rvoirs  and  mouth  (1803);  a  shiincanal  toween 

ini|»n»vement  of  the  Trent  ami  Mersey  the  Meiiway  and  Portsmouth  (1810)  ; 

(anal  at  Hudyanl  Valley,  near  Ix'ek,  a  8hii>-canal  from  Chichester  llarlwur 

1797-8:  a  branchof  the(irandTnmk  '    to   Chichester  (1804);   and   a   shij)- 

Canal  to  Henley,  with  a  railway  con-  ciinal   from    Bristol    to    the    Kn^lish 

liittiivji    it    with    the    manufactories.  Channel  (1811).     He   wa«  also   em- 

Wo  alao  maiie  eUhoratc  rei  orts  on  the  |)love<l  by  the  (iloucester  and  Ikirkeley 

I^"<nnini*ter   Canal    (1708);    on    the  |    Canal    Comi»jmy,    the    Hinningham 

Chrlmer  and  Blackwater  Navigation;  Canal  Company,  and  the  Letnls  an<l 

S<.njers»»t«hire  and  DorsetKhi re  Canal;  Livenxx)!   (I'anal   Comjiany,  as  their 

Honicaiitle   Navigation;    Biver    V\ms  '    consulting  engineer;  and  various  im- 

Navigation;   Polbrook  Canal  (1799);  fiortant  improvements  in  these  navi- 

Hotherhithe   an<J   Crriydon;    Thames  gat  ions  were  carri*-*!  out  by  his  a<ivicx' 

aiwi  Meilway  (18<X));  and  Kiver  l>ea  an<l  un<ler  his  sui>erintendence. 
Navigatir»n  ( IH04).    Among  the  works 
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witli  tlic  manufactoncs  at  Bnrslem.  Referring  to  this 
method  of  communication,  he  observes  that  the  railroad 
"  would  form  a  quick  and  clieap  mode  of  carrying  goods. 
Indeed,"  lie  adds,  "  I  do  not  know  a  cheaper  or  better, 
and,  in  my  opinion,  it  might  be  substituted  with  great 
advantage  for  the  branch  cunal  in  question.  I  have 
therefore  to  submit  whether,  as  a  matter  w^orthy  of  the 
consideration  of  the  proprietors,  this  branch  might  not 
be  saved,  and  a  railroad  substituted  in  its  place."  This 
report  was  written,  be  it  observed,  early  in  1797,  long 
before  railroads  had  been  introduced  ;  and  the  suggestion 
affords  striking  evidence  of  Mr.  Kennie's  sagacity  in 
so  early  detecting  and  appreciating  the  advantages  of 
this  new  means  of  communication. 

In  1802  Mr.  Rennie  was  requested  to  examine  the 
works  of  the  Royal  Canal  of  Ireland.  The  origin  of 
this  project  was  curious.  The  Grand  Canal  had  already 
been  formed  to  connect  the  navigation  of  the  Liffey 
with  that  of  the  Shannon  near  Banagher ;  and  though 
enoiTQOus  blunders  had  marred  its  construction,  and  its 
cost  had  consequently  been  excessive,  the  traffic  upon  it 
was  so  great  as  nevertheless  to  render  it  exceedingly 
profitable  to  its  proprietors.  The  managing  committee 
consisted  for  the  most  part  of  persons  of  high  rank,  but 
amongst  them  w^as  a  retired  shoemaker,  who  had  invested 
a  very  large  sum  in  the  undertaking  and  made  himself 
exceedingly  busy  in  its  concerns.  Offence  seems  to  have 
been  taken  at  this  person,  and  his  meddling  in  various 
matters  without  authority  caused  a  rupture  between  him 
and  the  other  members  of  the  committee.  They  thwarted 
him  at  every  turn,  outvoted  him,  snubbed  him,  and  "  sent 
him  to  Coventry\"  Yowing  revenge,  the  shoemaker 
threw  up  his  seat  at  the  board,  and,  on  parting  with  his 
colleagues,  said  to  them,  "  You  may  think  me  a  very 
insignificant  person,  but  I  will  soon  show  you  the  eon- 
ti^ry.  I  wmII  sell  out  forthwith,  start  a  rival  canal,  and 
carry  all  the  traffic."     The  threat  was,  of  course,  treated 
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with  contempt,  and  the  shoemaker  was  laughed  out  of 
the  board-room.  But  the  indignant  man  set  to  work 
with  energy,  got  up  a  company,  laid  down  a  line  of 
navigation  from  Dublin  to  the  Shannon  near  Longford, 
passing  by  Mullingar,  secured  the  support  of  the  landed 
proprietors  tlirough  whose  property  the  line  passed, 
and  succeeded  in  obtaining  an  Act  of  Parliament  autho- 
rizing the  construction  of  the  Royal  Canal  of  Ireland,  in 
an  unasually  short  space  of  time.  The  works  were  com-* 
menced  with  great  eclat,  but,  before  they  had  proceeded 
far,  it  was  foimd  that  the  levels  were  entirely  wrong, 
and  there  were  numerous  difficulties  to  be  overcome  for 
which  no  provision  had  been  made.  Then  it  was  that 
Mr.  llennie  was  called  in,  and  foimd  the  whole  concern 
in  confusion ;  the  works  at  a  standstill  in  many  places, 
in  bogs,  in  cuttings,  in  embankments,  and  in  limestone 
rocks,  and  the  proprietors  involved  in  almost  endless 
claims  for  compensation.  He  found  it  necessary  to 
resurvey  the  whole  line  and  to  alter  the  plans  in 
many  essential  respects ;  after  which  the  works  pro- 
ceeded. It  proved  to  be  a  work  of  an  extraordinary 
character  as  regarded  the  difficulties,  mostly  unneces- 
sary', which  had  been  encountered  in  its  construction ; 
but  as  respected  the  beneficial  results  to  the  pro- 
prietors, it  proved  an  almost  total  failure.  The  shoe- 
maker, no  doubt,  had  his  revenge  upon  his  former  asso- 
ciates, inflicting  great  injury  upon  the  Grand  Canal  by 
the  diversion  of  much  of  its  traffic;  but  he  accomplished 
tliis  at  a  terrible  sacrifice  to  many,  and  at  the  almost 
t4*tal  loss  of  his  own  fortune. 
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CHAPTER    V. 

Mr.  Eennie's  Drainage  of  the  Lincoln  and  Cambridge  Fens. 

Notwithstanding  all  that  had  been  done  for  the 
drainage  of  the  Fens,  as  described  in  the  early  part  of 
tliis  work,  large  districts  of  reclaimable  lands  in  Lincoln 
still  lay  waste  and  improfitable.  As  early  as  1789 
Mr.  Kennie's  attention  was  drawn  to  the  drowned 
state  of  the  rich  low-lying  lands  to  the  south  of  Ely ; 
and  having  become  impressed  with  a  conviction  of  the 
extensive  uses  to  which  his  friend  Watt's  steam-eiigiiie 
might  be  applied,  he  recommended  it  for  pumping  the 
water  from  the  Botteshaw  and  Soham  Fens,  which  con- 
fciined  about  five  thousand  acres  of  what  was  commonly 
called  "  rotten  land,"  because  of  the  rot  which  infected 
the  sheep  depastured  upon  it.  But  he  found  the  preju- 
dices in  favour  of  drainage  by  the  old  method  of  wind- 
mills, imported  from  Holland,  too  strong  to  be  uprooted  ; 
and  it  was  not  until  many  years  after,  that  his  recom- 
mendation was  adopted  and  the  steam-engine  was 
applied  to  pump  the  water  from  low-lying  swamps 
which  could  not  otherwise  be  cleared.  The  results  were 
so  successful  that  the  same  agency  became  genendly 
employed  for  the  purpose,  not  only  in  England  but  in 
Holland  itself,  where  the  forty-five  thousand  acres  of 
Haarlemer  Meer  have  since  been  effectually  drained  by 
the  applicjition  of  the  steam-engine. 

One  of  the  most  important  works  of  thorough  drainage 
carried  out  by  Mr.  Rennie  was  in  that  extensive  district 
of  South  Lincolnshire  which  extends  along  the  south 
verge  of  the  Wolds,  from  near  the  city  of  Lincoln  east- 
ward to  the  sea.     It  included  Wildmore  Fen,  West  Fen, 
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and  East  Fen,  and  com{)rised  about  seventy-five  thou- 
sand acres  of  land  whicli  lay  under  water  for  the  greater 
[)art  of  every  year,  and  was  thus  comparatively  useless 
either  for  grazing  or  tillage.  The  only  crop  grown 
there  was  tall  reeds,  which  were  used  as  thatch  for 
houses  and  barns,  and  even  for  churches.  The  river 
Witham,  which  flows  by  Lincoln,  had  been  grievously 
neglected  and  allowed  to  become  silted  up,  its  bottom 
\>emg  in  many  places  considerably  above  the  level  of 
tlie  land  on  either  side.  Hence,  bursting  of  the  banks 
frequently  occurred  during  floods,  causing  extensive 
inundation  of  the  lower  levels,  only  a  small  pro^ 
portion  of  the  flood-waters  being  able  to  force  their 
way  to  the  sea.  The  wretched  state  of  these  lands  may 
be  infeiTed  from  the  fact  that,  about  seventy  years  since, 
a  thousand  acres  in  Blankney  Fen,  constituting  part  of 
"  tlie  Dales  " — now  one  of  the  most  fertile  parts  of  the 
district  Ixjtween  Lincoln  and  Tattershall — were  let  annu- 
ally by  public  auction  at  Harecastle,  and  the  reserved 
bid  was  only  10/.  for  the  entire  area !  *  It  is  stated  that, 
alK)ut  tlie  middle  of  last  century,  there  were  not  two 
h(»uscs  in  the  whole  parish  of  Dogdyke  communicable 
with  each  other  for  w^hole  winters  round  except  by  boat ; 
this  l)eing  also  the  only  means  by  which  the  Fen-slodgers 
amhl  get  to  church.  Hall,  the  Fen  Poet,  speaks  of 
South  Kyme,  where  he  was  born,  as  a  distiict  in  which, 
during  the  winter  season,  nothing  was  to  be  seen — 

**  But  luiktHl  Huml  for  miles  and  miles." 

The  entire  breadth  of  Lincolnshire  north  of  Boston  often 
lay  under  water  for  months  together  : — 

**  Twixt  Frith  bank  ami  the  wold  side  bound, 
I  question  one  dry  inch  of  gnauid. 
From  Lincoln  all  the  way  to  U<junie, 
Ha<l  all  the  to|»8  of  banks  lx.«en  one, 
I  really  think  they  all  would  not 
Have  nuule  a  twenty  acre  s|H>t/' 

'  *  Journal  of  UoyaKAj^ricultural  Society,'  1847,  vol.  viii.,  p.  124. 
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Until  as  recent  a  date  as  forty  years  back,  the  rich  and 
fertile  district  of  Waldersea,  about  eight  thousand  acres 
in  extent,  was,  as  its  name  imports,  a  sea  in  winter. 
AVell  might  lloger  Wildrake  describe  his  paternal  estate 
of  "  Sqiiattlesea  Mere  "  as  being  in  the  "  moist  comity  of 
Lincoln ! " 

Artlnn*  Young  visited  this  district  in  1793,  and  found 
the  freeholders  of  the  high  lands  adjoining  Wildmore 
and  AVcst  Fens  depasturing  their  sheep  on  the  drier 
parts  during  the  summer  months ;  but  large  numbers  of 
them  were  dying  of  the  rot.  "  Nor  is  this,"  he  adds, 
"the  only  evil,  for  the  number  stolen  is  incredible. 
They  are  taken  off  by  whole  flocks,  as  so  wild  a  country 
(whole  acres  being  covered  with  tliistles  and  nettles  four 
feet  higli  and  more)  nurses  up  a  race  of  people  as  wild 
as  the  fen."  The  few  wretched  inhabitants  who  con- 
trived to  live  in  the  neighbourhood  for  the  most  part 
sheltered  themselves  in  huts  of  rushes  or  lived  in  boats. 
They  were  constantly  liable  to  be  driven  out  of  their 
cabins  by  the  waters  in  \\anter,  if  they  contrived  to 
sin^vive  the  attacks  of  the  ague  to  which  they  were 
perennially  subject. 

The  East  Fen  was  the  worst  of  all.  It  was  formerly 
a  most  desolate  region,  though  it  now  presents  probably 
the  richest  grazing  land  in  the  kingdom.  Being  on  a 
lower  level  than  the  West  and  Wildmore  Fens,  and  the 
natural  course  of  the  waters  to  the  sea  being  through  it 
to  Wamfleet  Haven,  it  was  in  a  much  more  drowned 
state  than  those  to  the  westward.  About  two  thousand 
acres  were  constantly  imder  water,  summer  and  winter. 
One  portion  of  it  was  called  Mossberry  or  Cranberry 
Fen,  from  the  immense  quantities  of  cranberries  uj)on 
it.  A  great  part  of  the  remainder  of  the  East  Fen 
consisted  of  shaking  bog,  so  treaclierous  and  so  deep  in 
many  ]^laces  that  only  a  desperate  Inmisman  would  ven- 
tui-e  to  follow  the  fox  when  he  took  to  it,  and  then  he 
must  needs  be  well  acquainted  with  the  ground. 
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T.IE   LlSCuLNoilti:-:    KKNS      [Bifcne  their  Drdino^e  by  Mr.  Rotinie  ] 

Matters  were  in  this  state  when  Sir  Joseph  Banks, 
tht»n  President  of  the  Royal  Society,  endeavoured  to 
stir  uj)  the  landowners  to  undertake  the  drainage  of 
the  district.  He  was  the  proprietor  of  a  good  estate  at 
l{4*vesby,  near  Tattersliall ;  and  liis  mansion  of  Abbot's 
I^wlge,  stantling  on  an  elevated  spot,  overlooked  the 
waste  of  the  East  and  AVest  Fens,  of  which  it  com- 
manded an  extensive  view.  Sir  Josepli  spent  a  portion  of 
every  year  at  Ilev^esby,  as  he  did  at  his  other  mansions, 
leaving  each  at  special  times  api)ointed  beforehand, 
alm<>st  with  the  regularity  of  clockwork,  lie  was  a 
|M>pular  and  well-known  man,  jolly  and  good-humoured, 
full  of  public  spirit,  and,  though  a  philosopher,  not 
alx>ve  taking  part  in  the  s|x»rts  and  festivities  of  the 
neighlKnirhoiKl  in  which  he  resided.  AVhile  Sir  Joseph 
lived  at  Revesby  he  iised   to  keep  almost  o|)en  house, 
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He  tlioiij^ht  it  would ;  and  with  this  leading  idea  in  his 
mind  he  proceeded  to  design  his  plan  of  a  great  "  catch- 
water  drain,"  extending  along  the  southern  edge  of  the 
Lincolnsliire  wolds. 

But  there  were  also  tlie  waters  of  the  Fens  tlieniselves 
to  be  got  rid  of,  and  how  was  this  to  be  accomplished  ? 
To  ascertiiin  the  actual  levels  of  tlie  drowned  land,  and 
the  depth  to  which  it  would  be  necessary  to  carry  the 
outfall  of  his  drains  into  tlie  sea,  he  made  two  surveys 
of  the  district,  the  first  in  October,  1/99,  and  the  second 
in  Marcli,  1800, — tlias  observing  the  actual  condition  of 
the  lands  both  before  and  after  the  winter's  rains.  At 
the  HJime  time  he  took  levels  down  to  the  sea  outfalls  of  the 
existing  drains  and  rivers.  He  observed  that  the  Wash, 
into  which  the  P'en  waters  ran,  was  shallow  and  full  of 
sliiftiiig  ssinds  and  silt.  He  saw  that  during  winter  the 
rivers  were  loaded  with  alluvial  matter  held  in  suspen- 
sion, and  that  at  a  certain  distance  from  their  mouths 
the  force  of  the  inland  fresh  and  the  tidal  sea  waters 
neutralized  each  other,  and  there  a  sort  of  stagnant 
|)oint  was  foniied,  at  which  the  alluvium  was  no  longer 
field  in  KU«iK»iision  by  tlie  force  of  the  current.  Henc^ 
it  became  precipitated  in  the  channels  of  the  rivers, 
and  fonned  banks  or  bars  in  the  Wash  outside  their 
mouths,  which  ])roved  alike  obstructive  to  drainage  and 
iiavigjition. 

It  recjuired  but  little  examination  to  detect  the  utter 
inadequacy  of  the  existing  outfalls  to  admit  of  the  dis- 
charge of  the  surjilus  waters  of  so  extensive  a  district. 
The  few  sluices  which  had  been  provided  had  been  badly 
dcsigiie<l  and  imixjrfectly  constructed.  The  levels  of 
the  outfalls  were  too  high,  and  the  gowts  and  sluices 
too  narrow,  to  acconmiodiite  the  dminage  in  flood-time^. 
Tln.'se  outfalls  were  also  liable,  in  dry  simimers,  to 
liec^me  choked  up  by  the  silt  settling  in  the  Washes ;  and 
when  a  lieavv  rain  fell,  down  came  the  waters  from  the 
high  laiidK  of  the  interior,  and,  unable  to  find  an  outlet. 
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they  burst  the  defensive  banks  of  the  rivers,  and  an 
amount  of  mischief  was  thus  done  which  the  drainage  of 
all  the  succeeding  sunmaer  failed  to  repair.  Accordingly, 
the  next  essential  part  of  Mr.  Rennie's  scheme  was  the 
provision  of  more  effectual  outfalls ;  with  which  object  he 
designed  that  they  should  be  cut  down  to  the  lowest 
possible  level  of  low  water,  whilst  he  arranged  that  at 
the  points  of  outlet  they  should  be  momited  with  strong 
sluices,  opening  outwards ;  so  that,  whilst  the  fresh  waters 
should  be  allowed  freely  to  escape,  the  sea  should  be 
valved  back  and  prevented  floAving  in  upon  the  land. 
The  third  and  last  j^oint  was  to  provide  for  the  drainage 
of  the  Fen  districti^  themselves  by  means  of  proper  cuts 
and  conduits  for  the  voidance  of  the  Fen  waters. 

Such  were  the  general  conclusions  formed  by  Mr. 
llennie  after  a  cjxreful  consideration  of  the  circumstances 
of  the  case,  which  he  embodied  in  his  report  to  the 
Wildmore  Fen  proprietors '  as  the  result  of  liis  investi- 
gations. The  two  great  features  of  his  plan,  it  will  be 
observed,  were  (1)  his  intercepting  or  catchwater  drains, 
and  (2)  his  cutting  down  the  outfalls  to  lower  levels 
than  had  ever  before  been  proposed.  Simple  though  his 
system  appears,  now  that  its  efficacy  has  been  so  amply 
proved  by  experience,  it  was  regarded  at  the  time  as 
a  valuable  discovery  in  the  practice  of  fen-draining, 
and  indeed  it  was  nothing  less.  There  were,  however, 
plenty  of  detractors,  who  alleged  that  it  was  nothing  of 
the  kind.  Any  boy,  they  said,  who  has  played  at  dirt 
pies  in  a  gutter,  knows  that  if  you  make  an  opening 
sufficiently  low  to  let  the  whole  contained  water  escape, 
it  will  flow  away.  A'ery  true  ;  yet  the  thing  had  never 
been  done  until  Mr.  llennie  proposed  it,  and,  simple 
though  the  method  was,  it  cost  him  many  years  of 
arguing,  illustration,  and  enforcement,  before  he  could 
induce  intelligent  men  in  other  districts  to  adopt  the 

*   i:qA)r(,  (liiled  the  7tli  ol  April,  1800. 
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simple  but  thoroughly  scientific  method  which  he  thus 
invented  for  the  eflFectual  discharge  of  the  drainage  of 
the  Fens.  And  even  to  this  day  there  are  whole  dis- 
tricts in  which  the  stubborn  obstinacy  of  ignorant 
c)l>structives  still  continues  to  stand  in  the  way  of  its 
introduction.  The  Wildmore  Fen  proprietors,  however, 
had  the  advantage  of  being  led  by  a  sagacious,  clear- 
seeing  man  in  Sir  Joseph  Banks,  who  cordially  supported 
the  adoption  of  the  proposed  plan  with  all  the  weight  of 
his  influence,  and  Mr.  Rennie  was  eventually  empowered 
t<^  carry  it  into  execution. 

In  laying  out  the  works,  he  divided  them  accord- 
ing to  their  levels,  placing  Wildmore  and  West  Fen  in 
one  plan,  and  East  Fen  in  another.  In  the  drainage 
of  the  former,  the  outlet  was  made  by  Anton's  Gowt, 
about  two  miles  and  a  half  above  Boston,  and  by 
Maud  Foster,  a  little  below  that  town.  But  both  of 
these,  Ix^ing  foiuid  too  narrow  and  shallow,  were  con- 
sidenibly  enlarged  and  dee|)ened,  and  provided  with 
<lonble -sluices  and  lifting  gjites  :  one  set  pointing  towards 
the  Witliam  in  order  to  keep  out  the  tides  and  river- 
fiooils;  the  other  to  the  land,  in  order  to  prevent  the 
water  in  sunnner  from  draining  too  low,  and  thereby 
liindcring  navigsition  as  well  as  tlie  due  irripition  of  the 
lands.  An  extensive  main  drain  was  also  cut  through 
the  Wildmore  and  West  Fens  to  the  river  Witham, 
alMMit  twenty-one  miles  long  and  from  eighteen  to 
thirty  feet  wide,  the  l)ottom  being  an  inclined  plane 
falling  six  inches  in  the  mile. 

'I'lie  level  of  the  East  Fen  Ixjing  considerably  lower 
than  that  of  the  Fens  to  the  westward,  it  was  neces- 
sjirv  to  provide  for  its  separate  drainage,  but  on  precisely 
the  siime  principles.  From  the  levels  which  were  taken, 
it  appeared  that  the  bottom  of  "the  Deeps,"  which 
foniied  |nirt  of  the  East  Fen,  was  only  two  feet  six 
inches  alnjve  the  cill  of  Maud  Foster  Sluice,  thirteen 
miles  distant ;  whereas  its  highest  jmrts  were  liut  eight 

VOL.  II.  M 
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feet  above  the  same  point,  giving  a  fall  of  only  an  inch 
and  eight  tenths  per  mile  at  low  water  of  neap  tides. 
From  some  of  the  more  distant  parts  of  the  same  Fen, 
sixteen  miles  from  the  outfall,  there  would  only  liave 
been  a  fall  of  five  tenths  of  an  inch  per  mile  at  low 
water.  It  was  clear,  therefore,  that  even  the  higher 
levels  of  the  East  Fen  could  not  be  effectually  drained 
bv  the  outfall  at  Anton's  Gowt  or  Maud  Foster;  and 
hence  arose  the  necessity  for  cutting  an  entirely  separate 
main  drain,  with  an  outfall  at  a  point  in  the  Wash  out- 
side the  mouth  of  tlie  river  Witham.^  This  east  main  cut, 
called  the  Hobhole  Dniin,  is  about  eighteen  miles  long 
and  forty  feet  wide,  diminishing  in  breadth  according  to 
its  distance  from  tlic  outfoll ;  the  bottom  being  an  inclined 
plane  falling  four  inches  in  the  mile  towards  the  sluice  at 
Hobhole  in  the  Wasli.  This  drain  is  an  innnense  work, 
defended  by  broad  and  lofty  embankments  extending 
inland  from  its  mouth,  to  prevent  the  contained  waters 
flooding  the  surrounding  lands.  It  is  protected  at  its  sea 
outlet  by  a  strong  sluice,  consisting  of  three  openings  of 
flfteen  feet  each.  When  the  tide  rises,  the  gates,  acting 
like  a  valve,  are  forced  back  and  hermetically  closed ; 
and  when  it  falls,  the  drainage  waters,  which  have  in 
the  mean  time  accumulated,  force  open  the  gates  again, 
and  the  waters  flow  away  down  to  the  level  of  low 
water.  A  connection  was  also  formed  between  the  main 
drains  emptying  themselves  at  Maud  Foster  (three  miles 
higher  up  the  Witham)  and  the  Hobhole  Drain,  the 
flow  being  regulated  by  a  gjxuge  ;  so  that,  during  heavy 
floods,  not  only  the  low  land  waters  of  the  East  Fen 
districts  were  eftcctually  discharged  at  Hobhole,  but  also 
a  considerable  jx^rtion  of  the  drainage  of  the  West  and 
Wildmore  Fens. 

An  essential  part  of  the  scheme  was  the  cutting  of  the 
catch  water  drains,  which  were  carried  quite  romid  the 

'  S<'o  the  Msip,  in  Vol.  I.,  of  tho  "  Foiis  as  Dmined  in  1830  f  p.  61. 
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base  of  the  high  lands  skirting  the  Fens;  beginning 
with  a  six  feet  bottom,  and  widening  out  towards  their 
embouchures  to  sixteen  feet.  The  principal  work  of  this 
kind  commenced  near  Stickney,  and  was  carried  east- 
ward towards  Wainfleet,  to  near  the  Steepings  river.  It 
was  connected  at  Cowbridge  with  the  main  Hobhole 
Drain,  into  which  the  high  land  waters  brought  do\NTi 
by  the  catchwater  drain  were  thus  carried,  without 
having  been  allowed,  until  reaching  that  point,  to  mix 
wntli  tlie  Fen  drainage  at  all.  It  would  be  tedious  to 
descrilx?  tlie  works  more  in  detail ;  and  perhaps  the  out- 
line we  have  given,  aided  by  the  maps  of  the  district, 
will  enable  the  reader  to  understand  the  leading  features 
of  Mr.  Ronnie's  comprehensive  design.  The  works  were 
necessarily  of  a  very  formidable  character,  the  extent  of 
the  main  and  arterial  drains  cut  during  the  seven  or 
eight  years  they  were  under  execution  being  upwards 
of  a  hundred  miles.  They  often  dragged  for  want  of 
funds,  and  encountered  considerable  op|X)sition  in  their 
progress;  though  the  wisdom  of  the  project  was  in  all 
resj)ects  amply  justified  by  the  result.^ 

The  di*ainage  of  Wildmore  and  West  Fens  was  first 
finished,  when  forty  thousand  acres  of  valuable  land 
wei*e  completely  reclaimed,  and  in  a  few  years  yielded 


*  The  fi»lluwiii>;  letter,  written  by  little  j»arsoii  and  mairistratc,  who  kcej) 

.1  I.ino»lr»i4liin'  j^eiitleman,  in  Janiiar}',  '    publishing  letters  iu  the  newsjiaiKjrs 

1K)7,  apiteare  in  the  *  Fanner's  M:igii-  ;    to  stop  the  work,  and  have  actually 

zine'  of   Fel)niar\'   in   that   year: —  jx'titiontHl  Sir  Joseph  Banks,  tlie  lord 

*•  Our  fine  «lrainaj;e  works  bej^in  now  |    of  the  manor,  a^^ainst  it ;  but  he  an- 

to  pIiow  themselvis,  and  in  the  end  ,    sweretl  them  with  a  refusal,  in  a  most 

\%ill    do  ^ntit  cn^lit  to  Mr.  Kennie,  excellent  way.  .  .  .  1  think  Mr.  Hen- 

the  ei^iincHT,  as  being  the  most  com-  nie's  gn-at  work  will  promote  another 

i.lt  te  draiiiiige  that  ever  was  made  in  i    geneml  improvement  herc»,  which  is, 

Linojliuihin',  and  jjerliaj  8  in  England.  I    to    decixju    and    enlarge    the    river 

1  bive  Ut-n  a  a)mmis8iuner  in  many  Witham  from  the  sea,  through  Boston 

tiniiiui;:ejS  ^>"t  the  jjroprietors   never  and  IJncoln,  to  the  Trent,  so  as  to 

WMiiM  mlXvT  us  to  raus*'  money  sufii-  a4imit  of  a  commimiaition  for  lai^e 

ei«  lit  ti*  dig  tleep  eiiough  through  the  vc8s<'ls,  as  well  i\s  laying  the  water  so 

old    «*ncUwurt'«   into   the   sea   before;  |    much  Klow  the  surtace  of  the  land 

ainl,  !*••« withstanding  the   excellency  as  to  do  away  with  the  engines.     We 

of  Mr.  Kennies  plan,  we  liave  a  party  i    have   got  an  estin\ate,  and^tind   the 

of   uninfurmwl  {leople,   headed  by  a  cost  may  be  about  100,000/." 
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heavy  crops  of  grain.  East  Fen  was  attacked  the  last<, 
the  difficulties  presented  by  its  formidable  chain  of  lakes 
being  much  the  greatest ;  but  the  prize  also  was  by  far 
the  richest.  When  the  East  Fen  waters  were  drained 
off,  the  loose  black  mud  settled  down  into  fertile  soil. 
J?oats,  fish,  and  wildfowl  disappeared,  and  the  plough 
took  their  place.  After  being  pared  and  burnt,  the 
land  in  the  P]ast  Fen  yielded  two  and  even  three  crops 
of  oat.s  in  succession,  of  not  less  than  ten  quarters  to 
the  acre.  The  cost  of  executing  the  drainage  had  no 
doubt  been  very  gi^eat,  amounting  to  about  580,000?. 
in  all,  inclusive  of  expenditure  on  roads,  &c. ;  against 
wliich  had  to  be  set  the  value  of  the  lands  reclaimed. 
In  1814  Mr.  Anthony  Brown,  surveyor  and  valuer,  esti- 
mated their  improved  rental  at  110,561?. ;  and  allowing 
five  per  cent,  on  the  capitiil  expended  on  the  works,  we 
thus  find  the  increased  net  value  of  the  drained  lands  to 
be  not  less  than  81,000/.  per  annum,  which,  at  fliirty 
years'  purchase,  gives  a  total  increased  value  of  nearly 
two  millions  and  a  half  sterling !  ^ 

It  was  a  matter  of  great  regret  to  Mr.  Rennie  that  his 
design*  was  not  carried  out  as  respected  the  improved 
outfall  of  the  Witham.  It  was  an  important  part  of  his 
original  plan  that  a  new  and  direct  chaimel  should  be 
cut  for  this  river  from  Boston  down  to  deep  water  at 
Clayhole,  where  the  tide  ebbed  out  to  the  main  sea 
level,  and  there  was  little  probability  of  the  depth  being 

*  Mr.  Brown's  estimate  was  as  follows  : — 

Land  reclaimed  in  the  East  Fen  ..  12,664  acres  worth  40s.  per  ann.  £25,328 
„  West  Fen      ..        17,044  „         50s.         „         42,610 

„  Wildmore     ..        10,773  „         42s.         „         22,623 

Adjoining  low  lands  improved         . .        20,000  „         20s.         „         20,000 


Total    acTcnge    of    improved    and  Annual  value  £110,561 

d mined  hinds       60,48 1 

Less  (^)pitjil  exjwnded  on  drainage  . . .  £433,905 

„                 „            roads,  &c...  146,800 


£580,705  at  5  per  cent 29,0:S5 

£81,526 

Which  at  50  years'  purchase  gives  £2,445,780. 
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materially  interfered  with  by  silting  for  many  years  to 
come.  This  new  channel  would  have  enabled  all  the 
waters — low  land  as  well  as  high  land — to  be  discharged 
into  the  sea  with  the  greatest  ease  and  certainty.  It 
would  also  have  completely  restored  the  navigation  of 
the  river,  wliich  had  become  almost  entirely  lost  through 
the  silting  up  of  its  old  winding  channel.  But  the 
Witham  was  imder  the  jurisdiction  of  the  corporation  of 
Boston,  who  were  staggered  by  the  estimated  cost  of 
executing  the  proposed  works,  though  it  amoimted  to 
only  50,000/.  Accordingly,  nothing  was  done  to  carry 
out  this  pirt  of  the  design,  and  the  channel  continued  to 
get  gradually  worse,  until  at  length  it  was  scarcely 
possible  even  for  small  coasters  to  reach  Boston  Quay. 
As  late  as  the  year  1826  the  water  was  so  low  that  little 
l)oy8  were  accustomed  to  amuse  themselves  by  wading 
across  the  river  below  the  town  even  at  high  water  of 
neap  tides.  The  corporation  were  at  last  compelled  to 
bestir  themselves  to  remedy  this  deplorable  state  of 
affairs,  and  they  called  in  Sir  John  Kennie  to  advise 
them  in  their  emergency.  The  residt  was,  that  as  much 
of  the  original  plan  of  1800*  was  carried  out*as  the 
state  of  their  funds  would  permit :  the  lower  part  of  the 
channel  was  straightened,  and  the  result  was  precisely 


'  In  his  a<lmirable  Report,  dated 
thf  Otli  OctuW-r,  1HC>0,  Mr.  Heiinie 
lM>iiit4<il  out  that  the  lines  of  din.>ctiun 
in  which  the  rivers  WelLiud  and 
Witham  ententl  the  Wash  tende<l  to 
the  hiltin^-iip  of  the  chamieU  of 
U»th,  and  he  mi^'Hted  that  the  two 
river  uutletM  should  \ie  unitetl  in  one, 
and  diverteil  into  the  centre  of  the 
Wash,  at  Clay  hole,  which  would  at 
the  Hiinie  time  gR'atly  increfliic  the 
«U'pth,  and  enable  a  large  area  of 
viiltuihle  laiKl  to  be  reclaimed  for 
atcricultuml  puqxweft.  lliis  su^es- 
ti4»ti  haa  Kince  been  elaliorated  by  Sir 
.lohn  Hennie,  whose  plan  of  1837, 
wlu'n  fully  mrricnl  out,  will  liave  the 
riUrt  of  ^n-atly  improvin<;  the  outfalls 
of  all  the  rivern  entering   the  (iri«t 


WaHh— the  Ouae,  the  Nene,  the  Wel- 
land,  and  the  Witham — and  the 
draiiui<:e  of  the  low  level  lands  de- 
jiendinjc  ujwn  them,  comnriaing  above 
a  million  of  acnv,  and  ultimately 
gaining  from  the  Wash  between 
150,000  and  200,000  aciw  of  rich 
new  land,  or  equal  to  the  area  of  a 
good-sized  county.  In  the  Wash  of 
the  Nene,  called  Sutton  Wash,  4000 
acres  have  already  been  reclaimed 
afU^r  this  plan — the  land,  formerly 
washed  by  the  sea  at  every  tide, 
Ix'ing  now  covered  with  rich  corn- 
fields and  comfortable  farmsteads.  It 
was  at  this  loint  that  King  John*8 
army  was  nearly  destroyed  when 
crossing  the  sands  before  the  ad* 
vancing  ti<le. 
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that  which  the  engineer  liad  more  than  thirty  years 
before  anticipated.  The  tide  returned  to  the  town,  the 
shoals  were  removed,  and  vessels  drawing  from  twelve 
to  fourteen  feet  water  could  again  come  up  to  Boston 
Quays  at  spring  tides. 

Mr.  Rennie  was  equally  successful  in  carrying  out 
diainage  works  in  other  parts  of  the  Fens,  and  on  the 
same  simple  but  comprehensive  principles.^  He  thus 
drained  the  low  lands  of  Great  Steeping,  Thorpe,  Wain- 
fleet,  All  Saints,  Forsby,  and  the  districts  thereabout, 
converting  the  Steepings  river  into  a  catchwater  drain, 
and  effectually  reclaiming  a  large  acreage  of  highly 
valuable  land.  He  was  also  consulted  as  to  the  better 
drainage  of  the  North  Level,  the  Middle  Level,  South 
Holland,  and  the  Great  Bedford  Level ;  and  his  valuable 
reports  on  these  subjects,  though  not  carried  out  at  the 
time,  for  want  of  the  requisite  means,  or  of  public  spirit 
on  the  part  of  the  landowners,  laid  the  foundations  of 
a  course  of  imj)rovement  which  has  gone  on  until  the 
present  day.  It  is  much  to  be  regretted  that  liis  grand 
plan  of  1810  for  the  drainage  of  the  Great  Level,  by 
means  of  more  effectual  outfalls  and  a  system  of  in- 
tercepting catchwater  drains,  was  not  carried  out;  for 
there  is  every  reason  to  believe  that  it  would  have  proved 
as  completely  successful  as  liis  drainage  of  the  Fens  of 
Lincolnshire.  But  the  only  part  of  this  scheme  that  was 
executed  in  his  time  was  the  Eau  Brink  Cut,  for  tlie 
purpose  of  securing  a  more  effectual  outfall  of  the  river 
into  the  Wash  near  King's  Lynn. 

The  necessity  for  this  work  will  be  more  clearly  under- 

'  Among  other  important  works  of   I    miles  of  coast  extending  from  Wain- 
the  Siime  kind  executeti  by  Mr.  Ken-        fleet  to  Boston,  and  thence  to  the 


nie,  but  whicli  it  would  be  tedious  to 
descrilx?  in  detail,  was  the  reclama- 
tion (in  1807)  of  23,000  acres  of 
Ifrtile  knd  in  tlie  district  of  Holder- 
iiess,  nciir  Hull.  Ue  was  extensively 
emi)loyiil  to  cmlxmk  lands  exjx>sed 
to  the  sea,  and  succeeded  (in  1812)  | 
in   effect ually   protecting    tlie   thirty    | 


mouths  of  the  rivers  Welland  and 
Cilen.  Two  years  later  (Jiu  1814)  he, 
in  like  mimner,  furnished  a  plan, 
which  was  Ciirrietl  out,  for  protecting 
the  Earl  of  Lonsdalo^s  valuable  mareh 
land  on  the  south  shore  of  the  Solway 
Frith. 
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stood  when  we  explain  the  circumstances  under  which 
its  construction  was  recommended.  It  will  be  observed 
from  the  map  of  the  Fen  district  (vol.  i.,  p.  51),  that  the 
river  Ouse  flows  into  the  shallows  of  the  Wash  near  the 
to\NTi  of  King's  Lynn,  charged  with  the  waters  of  the 
Great  Bedford  Level  as  well  as  those  of  Huntingdon, 
liedford,  and  Cambridge,  and  of  the  high  lands  of  the 
western  jmi-ts  of  Norfolk  and  SuflFolk.  Immediately  above 
Lynn  the  old  river  made  an  extensive  bend  of  about  five 
miles  in  extent,  to  a  point  called  German's  Bridge. 
This  channel  was  of  very  irregular  breadth  and  full  of 
great  s;uid  beds  which  were  constantly  shifting.  In  some 
places  it  was  as  much  as  a  mile  in  width,  and  divided 
into  small  streams  which  varied  according  as  the  tidal  or 
the  fresh  waters  were  for  the  time  being  most  powerful. 
During  floods,  the  flow  of  the  river  was  so  much  ob- 
structed that  the  waters  could  not  possibly  get  away 
out  to  sea  during  the  ebb,  so  that  at  the  next  rise 
of  the  tide  they  were  forced  back  into  the  interior, 
and  thus  caused  serious  inundations  in  the  surrounding 
country.*  The  fresh  waters  were  in  this  way  penned  up 
within  the  land  to  the  extent  of  about  seven  feet ;  and 
over  an  extensive  plain,  such  as  the  Bedford  Level, 
wlitre  a  few  inches  of  fall  makes  all  the  difference  be- 
tvvci'ii  land  drained  and  land  drowned,  it  is  clear  how 
sf^riously  this  obstruction  of  the  Ouse  outfall  must  have 
jK-rilltfd  the  agricultmal  operations  of  the  district.    Until, 


*  Wluii  Mr.  Hcniiie  was  tirst  con-  the  drier  i^arts  in  Ixxits;  and  some  of 

»iilt<il  njijK-ctiiij:;  the  draiiiii;ce  of  tlie  ,     the  fanuere,  in   like   manner,  rowed 

<iri-.il    I^vrl,    \iv   found    that    mucli  :     through    tlieir   orchards   in   order   to 

u'«--l    Und  which  lia<l  been  formerly  |    gather  the  fruit   from  tlie  tret*«.     A 

j.rt-iurtive  haii  ln'conie  ^^R-atly  dete-  '     hirge   |X)rtion   of   Littlei)ort   Fen,   in 

nonitiii,   or   alto-^ether   lost  lor  j»ur-  i     the  South  Ix'vel,  was  let  at    1«.    an 

|-*^iH  ol  au'riculture.     Some  districts  |    acre,  and,  in  the  summer-time,  stock 

wrp'   constantly   floo*lf*«l,   and   others  were  tunie<l  in  amonj^st  the  ree<l  and 

Wirt-  .-.   wri   that   thfy  were  rapidly  I     **  turf-Wss,"   and   not  seen    lor   days 

rt'tiiniiii;;    to    their   ori>;inal    Ktate   of  together.     In  Marsldand  Fen,  tlie  soil 

r^«.'.i^  and  w-.igf.     hi  th«>  neighliour-  was   so   Holt    that    WJ"odcn    shoes,    or 

h«--i  *>l  l)<»wnham  F^u,  the  harvest-  flat  Ijoanls,  were  naile«l  on  the  horses' 

iiM  n  win*,  in  cx-rUiin  seasons,  obliged  |    feet  over  the  iron   ones,   to   prevent 

to  litiiiKl  u(x>n  a  plattbrm  to  reap  their  them  from  sinking  into  the  soil. 
o»ni,  whicli  was  carrieii  to  and  from 
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tlierefore,  tliis  great  impediment  to  the  drainage  of  the 
Level  could  be  removed,  it  was  clear  to  Mr.  Rennie's 
mind  that  no  inland  works  could  be  of  any  permanent 
ad\antage.  The  remedy  which  he  proposed  ^vas,  to  cut 
off  the  great  bend  in  the  Ouse  by  making  a  direct  new 
(•hannel  from  Eau  Brink,  near  the  mouth  of  Marshland 
Drain,  to  a  ])oint  in  the  river  a  little  above  the  towii  of 
Lynn,  as  shown  in  the  following  plan  : — 


PLIKH 

EAU    BRINK    CUT 
ANOOLB  BCD  Mint 

nivcR  ouzc 


The  cut  was  to  be  about  three  miles  in  length,  and  of 
sufiiciently  capacious  dimensions  to  contain  the  whole 
body  of  thii  river,  liy  thus  shortening  the  line  of  the 
stream,  Mr.  ]{ennie  calculated  that  the  channel  would  be 
kei)t  clear  of  silt  by  the  greater  velocity  of  the  current, 
and  that  the  fresh  waters  would  at  the  same  time  be  able 
to  force  their  way  out  to  sea  without  difficulty.  An  Act 
was  accordingly  obtained  enabling  the  Eau  Brink  to 
be  cut ;  but  some  years  passed  before  any  steps  were 
taken  to  carry  out  the  works,  which  were  not  actually 
begun  until  the  year  1817,  when  Mr.  llennie  was  fonnally 
appointed  the  chief  engineer.  After  about  four  years' 
labour  the  cut  was  finished  and  0[>ened,  and  its  imme- 
diate effect  was  to  give  great  relief  to  the  whole  of  the 
district  watered  by  the  Ouse.  An  extra  fall  of  not  less 
than  five  feet  and  a  half  was  obtahied  at  St.  German's, 
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by  which  the  surface  of  the  waters  throughout  the  whole 
of  the  Middle  aud  South  Levels  was  reduced  in  propor- 
tion. Thus  the  pressure  on  all  the  banks  along  the 
rivers  of  the  Level  was  greatly  relieved,  whilst  inunda- 
tions were  prevented,  and  the  sluices  provided  for  the 
evacuation  of  the  inland  waters  were  enabled  effectually 
to  discharge  themselves. 

By  labours  such  as  these  an  immense  value  has  been 
given  to  othenvisc  worthless  swamps  and  wastes.  The 
nkill  of  the  engineer  has  enabled  the  Fen  farmers  to  labour 
with  ever-increasing  profit,  and  to  enjoy  the  fruits  of 
their  industry  in  comjmrative  health  and  comfort.  No 
wonder  they  love  the  land  which  has  been  won  by  toil 
so  i)rotracted  and  so  brave.  Unpicturesque  though  the 
Fens  may  be  to  eyes  accustomed  to  the  midulating  and 
hill  country  of  the  western  districts  of  England,  they 
nevertheless  |X)sseas  a  humble  beauty  of  their  own,  espe- 
cially to  eyes  familiar  to  them  from  childhood.  The  long 
rows  of  pollards,  with  an  ocaisional  windmill,  stretching 
along  the  horizon  as  in  a  Dutch  landscape — the  wide 
cxten<led  flats  of  dark  peaty  soil,  intersected  by  dykes 
and  drains,  with  here  and  there  a  green  tract  covered 
with  sleek  cattle — have  an  air  of  vastness,  and  even 
gnindeur,  which  is  sometimes  very  striking.  To  this  we 
may  add,  that  the  churches  of  the  district,  built  on  sites 
which  were  formerly  so  many  oases  in  the  watery  de- 
sert, Icxim  up  in  the  distance  like  landmarks,  and  are 
often  of  remarkable  l)eauty  of  outline. 

It  has  \niQii  said  of  Mr.  Rennie  that  he  was  the  greatest 
** slayer  of  dragons"  that  ever  lived, — this  title  being 
pven  in  the  Fens  to  persons  who,  by  skill  and  industry, 
have  jKirfected  works  of  dniinage,  and  thereby  removed 
the  aiuses  of  sickness  and  disease,  typified  in  ancient 
times  as  ^Inigons  or  destroyers.*  In  this  sense,  certainly, 
Mr.  Keniu'e  is  entitled,  ix^rhaj^s  more  tlian  any  other 
man,  to  this  remarkable  ap|Xjllation. 
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CHAPTER    VI. 
Mr.   Eennie's   Bridges. 

The  bridges  erected  by  our  engineer  are  amongst  the 
finest  of  his  works,  and  sufficient  of  themselves  to 
stamp  him  as  one  of  the  greatest  masters  of  his  profes- 
sion. We  have  already  given  a  representation  of  his 
first  bridge,  erected  over  the  Water  of  Leith,  near  Edin- 
burgh, the  forerunner  of  a  series  of  similar  structures 
uni'ivalled  for  solidity  and  strength,  contrived  with  an 
elegance  sometimes  ornate,  but  for  the  most  part  of 
severe  and  massive  simplicity. 

Unlike  some  of  his  contemporaries,  Mr.  Rennie  did 
not  profess  a  disregard  for  theory ;  for  he  held  that  true 
practice  could  only  be  based  on  true  theory.  Taken  in 
the  sense  of  mere  speculative  guessing,  however  inge- 
nious, he  would  have  nothing  to  do  with  it;  but  as 
matter  of  inference  and  demonstration  from  fixed  prin- 
ciples, he  held  by  theory  as  his  sheet-anchor.  His 
teacher.  Professor  Robison,  had  not  failed  to  impress 
upon  him  its  true  uses  in  the  pursuit  of  science  and  art ; 
and  he  never  found  reason  to  regret  the  fidelity  with 
which  he  carried  out  his  instructions  in  practice.  In 
1793  he  had  the  advantage  of  much  close  personal  inter- 
coiu'se  with  his  old  friend  the  Professor,  who  paid  him  a 
visit  at  his  house  in  London  for  the  express  purpose  of 
conferring  with  him  upon  mechanical  subjects.  In  the 
letter  annomicing  the  object  of  his  visit,  Dr.  Robison 
candidly  avowed  that  it  was  in  order  "  that  he  might 
extract  as  much  information  from  him  as  possible."  The 
Doctor  had  undertaken  to  prepare  the  articles  on 
Mechanics  for  the  third  edition  of  the  *  Encyclopedia 


Chap.  VI.  KENNIE'S  BRIDGES.  171 

Britannica/  and  he  believed  he  should  be  enabled  to  im- 
jxirt  an  additional  value  to  his  writings  by  throwing  upon 
them  the  light  of  Rennie's  strong  practical  judgment. 
He  proposed  to  take  a  lodging  in  the  immediate  neigh- 
bourhood of  Rennie's  house,  tlien  in  the  Great  Surrey 
R<»ad,  and  to  board  with  him  during  the  day  ;  but  Rennie 
would  not  listen  to  this  projx)sal,  and  insisted  on  being 
the  Professor's  entertiiiner  during  the  period  of  his  visit. 
One  of  tlie  points  which  he  particularly  desired  to 
discuss  witli  Mr.  Rennie  was  the  theory  of  the  equi- 
librium of  arches — a  subject  at  that  time  very  imper- 
fectly iniderstood,  but  which  the  young  engineer  had 
studied  with  liis  usual  energy  and  success.  He  had 
clearly  proved  that  the  proper  proportion  and  depth 
of  tlie  key-stone  to  that  of  the  extrados  (or  exterior 
curve)  should  be  in  proportion  to  the  size  and  form 
of  the  arch  and  the  materials  of  which  it  was  com- 
jM)sed  ;  and  he  had  also  established  the  ratio  in  which  the 
arch-stones  should  increase  from  the  key-stone  to  the 
piers  or  alnitments.  Up  to  this  time  there  had  been  no 
lulcs  laid  down  for  the  guidance  of  the  engineer  or  archi- 
tect, who  worked  very  much  in  the  dark  as  to  principles ; 
:iiid  it  was  often  a  matter  entirely  of  chance  whether  a 
bridge  stood  or  fell  when  the  centres  were  removed. 
According  to  the  views  of  Hutton  and  Attwood,  the 
wei<rht  ui>on  the  haunches  and  abutments,  to  put  the 
arch  in  a  state  of  equilibrium  so  that  it  should  stand,  was 
unlimited ;  whereas  Mr.  Rennie  established  the  limit  to 
which  the  countervailing  force  or  weight  on  the  extrados 
should  l)e  confined.  Hence  he  adopted  the  practice  of 
intiXKlucing  a  flat  inverted  arch  between  the  extrados  of 
i:M-h  two  adjoining  arches,  (at  the  same  time  increasing 
the  width  of  the  abutment,) — tlie  radii  of  the  vous- 
s4>irs  or  arch-stones  being  continued  completely  through 
them.  And  in  order  to  diminish  the  masonry,  the 
jiiwcr  or  Ibundation  course  was  inclined  also, — thus 
coiiibiniiig   the   work    more    completely   together,   and 
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enablinp^  it  better  to  resist  the  lateral  thrust.  Dr.  Ro- 
bison  had  much  discussion  with  Mr.  Renuie  on  these 
and  many  other  points,  and  the  hiformatioii  he  obtained 
was  shortly  after  worked  up  into  numerous  original  con- 
tributions of  great  value ;  amongst  which  may  be  men- 
tioned his  articles  in  the  'Encyclopedia'  on  the  Arch, 
Carpentry,  Roof,  Waterworks,  Resistance  of  Fluids,  and 
Rumiing  of  Rivers  ^ — on  all  of  which  subjects  Mr. 
Rennie  had  much  original  infonnation  to  impart.  It 
may  readily  be  imagined  that  the  evenings  devoted  by 
Dr.  Robison  to  conversation  and  discussion  on  such 
topics  at  Rennie's  house  were  of  interest  and  advantage 
to  botli ;  and  when  the  Doctor  returned  to  his  Edinburgh 
labours,  he  carried  with  him  the  cordial  affection  and 
respect  of  the  engineer,  who  continued  to  keep  up  a 
correspondence  with  him  until  the  close  of  his  life. 

In  the  early  2)art  of  his  career  Mr.  Rennie  was  called 
upon  to  furnish  designs  of  many  bridges,  principally  in 
Scotland,  which,  however,  were  not  carried  out,  in  most 
cases  because  the  requisite  funds  could  not  be  i-aised  to 
build  them.  Thus,  in  1798,  he  designed  one  of  eight 
cast  iron  arches  to  span  the  river  Don  at  Aberdeen. 
Four  years  later  he  was  called  upon  to  furnish  further 
designs,  when  he  supplied  three  several  plans,  two  of 
granite  bridges ;  but  the  structures  were  of  too  costly  a 
character  for  the  people  of  Aberdeen  then  to  carry  out. 
The  first  important  bridge  which  Mr.  Rennie  was  autho- 
rised to  execute  was  that  across  the  Tweed  at  Kelso,  and 
it  afforded  a  very  favourable  specimen  of  his  skill  as  an 
architect.  It  was  designed  in  1799  and  oi)ened  in  1803. 
It  consists  of  five  semi-elliptical  arches  of  72  feet  8{Xin, 
each  rising  28  feet,  and  four  piers  each  12  feet  thick, 


^  Dr.  Kobison  was  the  first  contri- 
Imtor  to  tlie  *  riHcycloiK.il ia '  who  was 
really  a  man  (»t*  tscicnce,  and  wh(»sc 
articles  were  al)ove  the  rank  of  mere 
cuni|»ilations.  He  sought  infonnation 
from  all  quarters— scarch(Ml  the  works 


of  foreign  writers,  and  consulted  men 
of  i)ractical  eminence,  such  as  Ueunic^ 
to  whom  he  could  obtain  acceas, — and 
extraordinary  value  yms  thus  ini- 
]!arteil  to  his  articles. 
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witli  a  level  roadway  23  feet  6  inches  wide  between  the 
fwirapeta,  and  29  feet  above  the  ordinary  surface  of  the 
river.  The  foundations  were  securely  laid  upon  the  solid 
rock  in  the  bed  of  the  Tweed,  by  means  of  coffer-dams, 
and  below  the  deepest  part  of  the  river.  The  piers  and 
abutments  were  ornamented  with  three-quarter  columnar 
pilasters  of  the  Roman  Doric  order,  surmounted  by  a  plain 
block  cornice  and  balustrade  of  the  same  character.  The 
whole  of  the  masonty  was  plain  rustic  coursed  work,  and 
in  style  and  execution  it  was  long  regarded  as  one  of  the 
most  handsome  and  effective  structures  of  its  kind.  It 
may  almost  be  said  to  have  formed  the  commencement 
of  a  new  era  of  bridge-building  in  this  country.  The 
sc'mi-elliptical  arches,  the  columnar  pilasters  on  the  piers, 
the  balustrade,  and  the  level  roadway,  are  the  same 
as  in  Waterloo  Bridge,  except  as  regards  size  and  cha- 
racter ;  so  that  Kelso  Bridge  may  be  regarded  as  the 
model  of  the  greater  work.  We  believe  it  was  one  of 
the  first  bridges  in  this  countr\^  constructed  with  a  level 


lUiit.=  iK       [By  ivmva    sii.-ltoti  J 


174 


MUSSKLBUIKJH  BRTIKJK. 


1»ABT  VII. 


[i'y  K    M    \Vliiii^:iii.  aftor  a  luawmg  by  J.  >>.  finilcs] 

roadway.  Sonic  of  tlie  old-fashioned  bridges  were  ex- 
ccHHively  Hteep,  and  to  get  over  tliem  was  like  climbing 
the  roof  of  a  house.  There  was  a  heavy  pull  on  one 
side  and  a  corresponding  descent  on  the  other.  The  old 
bridge  across  the  Esk  at  Musselburgh,  fonning  part  of 
the  high  road  between  Edinburgh  and  London,  was 
of  this  precipitous  character.  It  was  superseded  by  a 
handsome  and  substantial  bridge,  with  an  almost  level 
roadway,  after  a  design  by  Rennie.  When  the  engineer 
wan  tiiking  the  w^ork  off  the  hands  of  the  contractor,  one 
of  the  magistrates  of  the  town,  who  was  present,  asked 
a  countryman  who  was  passing  at  the  time  with  liis  cart 
how  he  liked  the  new  brig?  "Brig!"  said  tlie  man, 
"  it's  nae  brig  ava !  ye  neither  ken  whan  ye' re  on't,  nor 
whan  ye're  aff' t ! " 

Mr.  Itennie's  boldness  in  design  grew  with  experience, 
and  when  consulted  as  to  a  bridge  near  Paxton,  over 
the  Whitadder  (a   rapid   stream  in  Berwickshire),   he 
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proposed,  in  lieu  of  the  old  structure,  which  had  been 
carried  away  by  a  floo<l,  a  new  one  of  a  single  arch,  of 
150  feet  span;  but  unhappily  tlie  road  trustees  could 
not  find  the  requisite  means  for  carrying  it  into  effect. 
Another  abortive  but  grand  design  was  proposed  by 
him  in  1801.  He  had  been  requested  by  the  Secretary 
of  State  for  Ireland  to  examine  tlie  road  through  North 
Wales  to  Holyhead,  with  the  object  of  improving  the 
communication  with  Ireland,  which  was  then  in  a 
wretched  state.  The  connection  of  the  opposite  shores 
of  the  Menai  Strait  by  means  of  a  bridge  was  con- 
sidered an  indispensable  part  of  any  improvement  of 
that  route ;  and  Mr.  Rennie  proposed  to  accompHsh  this 
object  by  a  single  great  arch  of  cast>-iron  450  feet  in 
span, — the  height  of  its  soffit  or  crown  to  be  150  feet 
alK)ve  liigh  water  at  spring  tides.^  A  similar  bridge, 
of  350  feet  span,  having  it«  cro\\ii  100  feet  above  the 
sjime  level,  was  also  proposed  by  him  for  the  crossing 
of  Conway  Ferry.  These  bridges  were  to  be  manu- 
factured after  a  plan  invented  by  Mr.  Rennie  in  1791, 
and  communicated  by  liim  to  Dr.  Ilutton  in  1794; 
and  he  was  strongly  satisfied  of  its  superiority  to  all 
others  that  had  been  proix)sed.     The  designs  were  alike 

'  Tlii"  ^riiit  un.li  <»f  450  feet  was  to  j    in  a  subsequent  design,  showing  an 

U-  supiortttl  on  two  stone  piers,  eneh  j    iron  arch  on  «ich  side  of  the  main 

7r>  Ut't  tliick,  the  springinj^  to  l)e  KK)  j    one  of  X)0  feet  sixm,  in  lieu  of  ma- 

f«i't  aU»ve  hi^li  water.    There  were  to  sonry,  with  other   modifications,   by 

U'  an  hfs  <»f  stone  on  the  Caernarvon  wliich   tlie   dimensions  of  the  main 

side    to   tlie    distance   of    al)out   150  piers  were  niluced,  and  the  estimate 

y.inU,  and  on  the  Anglesea   side  to  stnnewliat  lessenwl.    Other  plans  were 

thr    distance    of    aliout    2S4   yanls ;  preiwanl   and  submittinl,  embwlyinj^ 

niiikinj:  the  total  length  of  tlie  brid;^e,  1    somewhat  similar  views,  the  promi- 

exclu>iv»'   iA  the    win;;  walls,  alx)ut  '    nent   i<lea  in  all  of  them  being   the 

♦  Jlo   yanls.      The   estimatinl    (x^st  of  |    8i«anning  of  the  strait  by  a  great  cast- 

thr  whoU-  work  and  approaches  wjus  j    iron  arcli,  the  crown  of  which  was  to 

*J»l'^,r.<n>/.     The    ]\}h\t   at  which    the  |    l)e    150  feet  above  the  sea  at   high- 

bridp' wiis  niximniendeil  to K' thrown  ;    water.     The   phms  and  evidence  on 

.i<  n«*s    was,    either   opposite    Inys-y-  i    the  subject  an^  to  Ix'  tbund  set  forth 

M«»h    isLind,   on   which  one   of   tlie  |    in  the  *  Hejiorts  from  Committees  of 

niaiii    piern    would    n*st,    or    at     the  j    the  House  of  Conmions  on  Ilolyhetid 

Swilly  n*ks,  aUmt  KH)  yanls  to  the  \    H<muIs'    (IS1<)-L"J),    ordered     to     be 

f.i^twanl ;  but,  on  the  whole,  he  pre-  printt^l  lioth  .July,  1822. 
fem-»l    the  latter  site.      He  also  sent 
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hold  and  skilful,  and  it  is  to  be  regretted  that  they 
were  not  carried  out ;  for  their  soHdity  would  not  only 
have  proved  sufficient  for  the  purposes  of  a  roadway, 
but  probably  also  of  a  locomotive  railway.  In  that 
case,  however,  we  should  have  been  deprived  of  the 
after-display  of  much  enj^^ineering  ability  in  bridging 
the  straits  at  Menai  and  the  ferry  at  Conway.  But  the 
2)laiis  were  thought  far  too  daring  for  the  time,  and  the 
expense  too  great.  The  whole  subject  was  therefore 
allowed  to  sleep  for  many  years,  until  eventually  Telford 
spanned  both  these  straits  with  suspension  road  bridges, 
and  Itobert  Stej)liensoii  afterwards  with  tubular  railway 
bridges,  at  a  total  cost  of  about  a  million  sterling. 


-  lux   I>H1I'..K.     [1  y  loitrival  bkellon  ] 


11  le  first  l)ridge  constructed  by  Mr.  Rennie  in  Eng- 
land, and  the  earliest  of  liis  cast  iron  bridges,  was  that 
erected  by  him  over  the  Witham,  in  the  town  of  Boston, 
Lincolnshire,  in  1803.  It  consists  of  a  single  arch  of 
iron  ribs,  fonning  the  segment  of  a  circle,  the  chord  of 
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wiiicli  is  80  feet.  It  is  simple  yet  elegant  in  design ; 
its  flatness  and  width  contributing  to  render  it  most 
convenient  for  the  purpose  for  which  it  was  intended 
— that  of  accommodating  the  street-traffic  of  one  of  the 
most  prosperous  and  busy  towns  in  the  Fens. 

Mr.  Ilennie's  reputation  as  an  engineer  becoming  well 
established  by  these  and  other  works,  he  was,  during  the 
remainder  of  his  professional  career,  extensively  con- 
snhed  on  this  branch  of  construction  ;  *  and  many  solid 
memorials  of  his  skill  in  bridge-work  are  to  be  found  in 
different  parts  of  the  kingdom.  But  the  finest  of  the 
buildings  of  this  character  which  were  erected  by  him  are 
umiuestionably  those  which  grace  the  metropolis  itself. 


*  Amonj:j  Ills  minor  works  may  be 
moiitioiu5«l  tht*  britige  over  the  stream 
whirli  lasxivH  out  of  Vir^^nia  Water 
an<l  cnisKes  the  (Jreat  Western  Koad 
(en-cte*!  in  1805);  Darlaston  15rid<;e 
acTvt9i  the  Trent,  in  Staflordsliire 
(184J5);  the  timl)cr  and  iron  bridge 
over  the  estuar}'  of  the  Welland  at 
F<ji«<lyke  Wash,  al)out  nine  miles 
lieUiw  Sjtildiug  (IHIO);  the  jrranite 
bridge  of  three  arches  at  New  (jJallo- 
wav,  on  the  hue  of  the  Dumfries  and 
IVirtjtttrick  Rojyl  asil);  a  bri<lge  of 
five  archefi  across  the  Cree  at  Newton 
Stewart  (1812);  the  cast  iron  bridge 
over  the(ioomtee  at  Lucknow,  erected 
after  hiB  di-signs  in  1814,  and  fre- 
cjuently  referral  to  in  tlie  miUtary 
ofieTalit»n«  for  the  relief  of  that  city  a 
ffw  years  aj^;  Wellington  Bridge, 
over  the  Aire,  at  l>ee<ls  (1817);  Isle- 
wurth  Bridge  (1819);  a  bridge  of 
thn^'  ellipticil  arches  of  75  fwt  sjjan 
<vu;h,  at  Bridge  of  Earn,  Perthshire 
(|Hll«);  Cramond  Bridge,  of  eight 
wiiii-ciretdar  aahifl  of  50  fwt  s|Min, 
with  tlie  n  Kid  way  42  ftt't  aliove  the 
riv«r  (1H19);  and  Ken  Bridge,  New 
*i;ili<iway,  of  five  stone  arches,  the 
a iitr.*  *.H>  fix't  s|>an  (1820).  An  ad- 
vent un*  of  some  i»eril  attendeil  Mr. 
Bt  iuii«'«  en-ction  of  the  briclge  at 
Nfwton  8t<wart.  lie  hapnene^l  to 
vj*it  th«'  works  on  one  occasion  during 
a  hitivy  tlood,  which  swept  down  the 
valU  y  with  gn*sit  fury  ;  an<l  the  jitiHSJige 
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of  the  ferry  was  thus  completely  in- 
terrupted. Mr.  Kennie  and  his  son 
(the  present  Sir  John)  were  conse- 
quently unable  to  cross  over  to  New- 
ton Stewart,  on  the  further  side  of  the 
river,  and  they  were  uuder  the  ne- 
cessity of  s{>ending  the  night  in  a 
miserable  public-house  on  the  eastern 
bank.  Alx)ut  11  p.m.  the  violence  of 
tlie  stonn  had  somewhat  abated,  and 
tlie  mo(>n  came  out,  though  ol  scureil 
by  the  clouds  which  drifte<l  across  her 
face.  Mr.  Ik'unie  went  out  at  that 
late  hour  to  look  at  tlie  bridge  works, 
and  even  to  try  whether  he  might  not 
reach  the  other  side  by  crossing  the 
timlxjr  i»latform  by  means  of  which 
the  works  were  being  carrietl  on. 
'I'herc  was  a  gangway  of  only  two 
planks  from  pier  to  pier  on  the  eastern 
side,  and  this  he  safely  crossed.  The 
torrent  was  still  raging  furiously  be- 
neath, shaking  the  frail  timbers  of 
the  scaftblding.  As  Mr.  Bennie  was 
about  to  place  his  foot  on  the  plank 
which  leil  to  the  third  pier,  his  son 
ol)s<'rN'e<l  the  framework  tix*mble,  and 
pulleti  his  father  l>ack,  just  in  time 
to  see  the  whole  swept  into  the  stream 
with  a  tremen<lous  crash.  Fortunately 
the  planking  still  stood  across  which 
they  had  pjwse*!,  and  they  succi'cdwl 
in  retnicing  their  steps  in  safety. 
The  britlge  wjls  finishwl  and  oi>ened 
tiuring  the  sunuuer  of  1814. 


N 
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The  jn-ojcct  of  erecting  a  new  bridge  to  connect  the 
Strand,  near  Somerset  House,  witli  the  Surrey  side  of  the 
Thames  at  Lambeth,  was  started  by  a  Bridge  Company 
in  1809 — a  year  distinguished  for  the  prevalence  of  one 
of  those  joint-stock  fevers  which  j^eriodically  seize  the 
moneyed  classes  of  this  couiitrs^.  The  first  plan  consi- 
dered was  the  production  of  Mr.  George  Dodds,  a  well- 
kno\\ai  engineer  of  the  time.  The  managuig  conunittee 
were  not  stitisfied  with  the  design,  and  referred  it  to 
Mr.  Rennie  and  Mr.  Jessop  for  their  oj)inion.  It  was 
found  to  be  for  tlie  most  part  a  coj^y  of  M.  Peyronnet's 
celel)rated  bridge  of  Neuilly,  with  modifications  rendered 
necessary  by  the  diflerence  of  situation  and  the  gi'eater 
width  of  the  river  to  be  sj)anned.  It  showed  a  bridge 
of  nine  arches  of  130  feet  span;  each  being  a  com- 
pound curve,  the  interior  an  ellipsis,  and  the  face  or 
exterior  a  segment  of  a  circle,  as  in  the  bridge  at 
Neuilly.^     The  reporting  engineers  pointed  out  various 


*  III  their  ro^wrt  on  this  design,  Mr. 
Rennie  and  his  colleague  observed : 
"  We  should  not  have  thought  it  ne- 
cessary to  (luote  the  production  of  a 
foreign  country  for  the  sake  of  show- 
ing the  practicability  of  constructing 
arches  ot  130  fi*et  span,  had  we  not 
l>een  UhI  to  it  by  the  exact  similarity 
of  the  designs,  and  by  the  princii)lo 
which  is  therein  adopted  of  tbc  com- 
ix)und  curve ;  because  our  own  coun- 
try aflonls  exami>les  of  greater  bold- 
ness in  the  construction  of  arches 
than  that  of  Neuilly.  There  is  a 
bridge  over  the  river  Taff,  in  the 
county  of  Glamorgan,  of  upwards  of 
135  feet  si>an,  with  a  rist^  not  exceetl- 
ing  32  f(»et,  and  what  is  more  re- 
markable is,  that  the  depth  of  the 
arch-stones  is  only  30  inches ;  so  that 
in  fact  that  bridge  far  oxceetls  in 
l)oldne8s  of  design  that  of  Neuilly." 
[See  our  Memoir  of  William  Edwards 
m  Vol.  T.  of  this  work.]  Aftt'r  some 
oliHtTvations  as  to  the  importance  and 
necessity  of  making  a  bridge  in  such 
a  situation,  at  the  bend  of  the  river, 
with   as  large  arches  iw  jjossible,   to 


accommodate  the  navigation  and  pre- 
sent as  little  obstruction  as  |X)68ibIe  to 
the  rise  and  fall  of  the  water,  they 
proctHxl :  "  We  confess  we  do  not 
wholly  approve  of  M.  Peyronnet's 
construction  as  adai)tfti  for  the  in- 
tended situation.  It  is  complicated 
in  its  form,  and,  we  think,  wanting 
in  eflfect.  The  equilibrium  of  the 
arches  has  not  been  sufficiently  at- 
tended to;  for  when  the  centres  of 
tlie  bridge  at  Neuilly  were  struck, 
the  top  of  the  arches  sank  to  a  degree 
far  beyond  anything  that  has  come  to 
our  knowledge,  whibt  the  hamiches 
retired  or  rose  up,  so  that  the  bridge 
as  it  now  stands  is  very  different  in 
form  from  what  it  was  originally  de- 
signed. No  such  change  of  shape 
took  place  in  the  bridge  over  the 
Tatf  (Pont-y-Prydd) ;  the  sinking  after 
the  centres  were  struck  did  not  amount 
to  one-half  of  that  at  Neuilly,  althouch 
the  one  was  designed  and  built  noSer 
the  direction  of  tlie  first  engLneer  of 
France,  without  regard  to  expense, 
whilst  the  other  was  deiigEied  and 
built  by  a  country  maaon  with  par- 
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objections  to  Mr.  Dodds's  design,  as  well  as  to  the  plan 
proposed  by  liim  for  founding  the  piers;  and  they 
showed  that  his  estimate  of  cost  was  altogether  insuf- 
ficient. The  result  was,  that  no  ftuiher  steps  were  taken 
with  Mr.  Dodds's  plan ;  but  when  the  Act  authorising  the 
construction  of  tlie  bridge  liad  been  obtained,  the  com- 
mittee again  applied  to  Mr.  Rennie ;  and  on  this  occasion 
they  requested  him  to  furnish  them  with  the  design  of  a 
Huiteble  structure.^  The  first  step  which  he  took  was 
to  j)rcpare  an  entirely  fresh  chart  of  the  river  and  the 
adjacent  shores,  after  a  careful  and  accurate  survey 
made  by  Mr.  Francis  Giles.  In  preparing  his  plan,  he 
kept  in  view  the  architectural  elegance  of  the  structure 
as  well  as  its  utility ;  and  while  he  designed  it  so  as  to 
enhance  the  beauty  of  the  fine  river  front  of  Somerset 
House,  by  contriving  that  the  face  of  the  northern 
abutment  should  be  on  a  line  with  its  noble  terrace,  he 
laid  out  the  roadway  so  that  it  should  be  as  nearly  upon 
a  level  with  the  great  thoroughfare  of  the  Strand  as 
|)o«Kible, — the  rise  from  that  street  to  the  sunmiit  on 
the  bridge  being  only  1  in  250,  or  about  two  feet  in  all. 
Two  designs  were  prepared — one  of  seven  equal  arches, 
the  other  of  nine ;  and  the  latter  being  finally  approved 
by  the  committee  as  the  less  costly,  it  was  ordered  to  be 
csirried  into  effect. 

The  structure  as  executed  is  an  elegant  and  substantial 
bri<lge  of  nine  arches  of  120  feet  span,  with  piers  20  feet 
thick  ;  the  arches  Ixjing  plain  semi-ellipses,  with  their 
Hoftits  or  crowns  30  feet  alK)ve  high-water  of  ordinary 
spring  tides.     Over  the  i)oint«  of  each  pier  are  j)laced 

»iiiK>iik>iui    cDmoniy.       Our    opinion  i   quittitc  room  for  the  nasMigc  of  tho 

tli«'n*fMre   in,   that  the  arclu>8  of  the  '   current  an«l  bar);c8  under  it." 

I»ri«lp'  ovrr  the  Hiaines  HhouUl  either  *  In  June,  1810,  we  find  him  ao- 

\m'  ]'Uin  4'Ui|«iii(,  without  the  sLintUk^  |   cepting    the    direction   of   the    new 

(»flr  in  th«*  liaunchef*  mi  an  to  deeeive  hndge  at    lOOCV.  a  year  for  himself 

thtM've  hy  an  apiArent  tlatnem  which  and  a2<»i»tantM,  or  7/.  7b.  a  day  and 

i\tm-H  not  in  n-ahty  exiMt,  or  they  hIiouUI  cxiKiwet};  hut  on  im»  aix^mnt  wen*  any 

U'  «»f  a  tliit  M-'Zincnt  ot  a  rirch*  formed  of  hiH  ]ieoph*  to  have  to  «io  with  the 

in  fiuch  a  nmnner  an  to  ^iv<'  the  nt-  iNiymeiit  or  receipt  of  moueyn. 

N    2 
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two  three-quarter  Doric  column  pilasters,  after  the  design 
of  the  temple  of  Segesta  in  Sicily.  These  pilasters  are 
5  feet  8i  inches  diameter  at  the  base,  and  4  feet  4  inches 
at  the  under  side  of  the  ca2)ital,  forming  recesses  in  the 
roadway  17  feet  wide  and  5  feet  deep.  The  depth  of 
the  arch-stones  at  the  crown  is  4  feet  6  inches,  and  they 
increase  regularly  to  10  feet  at  the  haunches.  Between 
each  pair  of  arches,  at  the  level  of  19  feet  above  the 
si)ringing,  there  is  an  inverted  arch,  the  stones  of  wliich 
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are  4  feet  6  inches  deep  at  the  crown,  and  decrease 
regularly  on  each  side  as  they  unite  and  abut  against  the 
extrados  or  backs  of  the  voussoirs  of  the  main  haunches. 
The  abutments  are  40  feet  in  thickness  at  the  base,  and 
decrease  to  30  feet  at  the  springing.  The  cope  of  the 
arches  and  piers  is  surmounted  by  a  Grecian  Doric 
block-cornice  and  entablature,  upon  which  is  placed  a 
balustrade  parapet  5  feet  high.  The  total  width  of  the 
bridge  from  outside  to  outside  of  the  parapets  is  45  feet. 
The  footj)aths  on  each  side  are  7  feet  wide,  and  the 
I'oadway  for  carriages  28  feet.  There  are  four  sets  of 
landing-stairs — two  to  each  abutment;  and  the  arrange- 
uient  of  this  part  of  the  work  has  been  much  admired, 
on  account  of  its  convenience  for  public  uses  as  well  as 
it*s  architectural  elegance. 

In  tlie  construction  of  this  bridge,  there  are  four  fea- 
tures of  distinctive  importance  to  be  noted  : — 1  st.  The 
emj)loyment  of  cofler-dams  in  founding  piers  in  a  great 
tidal  liver — an  altogether  new  use  of  that  engineering 
ex])edient,  though  now  become  customary.  2nd.  The 
ingenious  method  employed  for  constructing,  floating, 
and  fixing  the  centres;  since  followed  by  other  engineers 
in  works  of  like  magnitude.  3rd.  The  introduction  and 
working  of  gninite  stone  to  an  extent  l^efore  unknown. 
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and  in  much  larger  and  more  substantial  pieces  of 
masonry  than  had  previously  been  practised.  4th.  The 
adoption  of  elliptical  stone  arches  of  an  unusual  width, 
though  afterwards  greatly  surpassed  by  the  same  engi- 
neer in  his  New  London  Bridge. 

Mr.  Rennie  invariably  took  the  greatest  pains  in 
securing  the  most  solid  foundations  possible  for  all  his 
stnictures,  and  especially  of  his  river  works,  laying  them 
far  l>elow  the  scour  of  the  river,  at  a  depth  beyond  all 
probable  reach  of  injury  from  that  cause.  The  practice 
ado[)ted  in  foimding  the  piers  of  the  early  bridges  across 
the  Thames,  was  to  dredge  the  bottom  to  a  level  surface, 
and  build  the  foundations  on  the  bed  of  the  river,  pro- 
tecting them  outside  by  rubble,  by  starlings,  or  by 
sheet-piling.  Mr.  Dodds  had  proposed  to  follow  the 
method  employed  by  Labelye  at  Westminster  Bridge,  of 
fomiding  the  piers  by  means  of  caissons ;  but  Mr.  Rennie 
insisted  on  the  total  insufficiency  of  this  plan,  and  that 
the  most  effectual  method  was  by  means  of  coffer-dams. 
This  would  no  doubt  be  more  costly  in  the  first  in- 
stance, but  vastly  more  secure  ;  and  he  foresaw  that  the 
inevitable  removal  of  the  piers  of  Old  London  Bridge, 
by  increasing  the  current  of  the  river,  would  severely 
test  the  foundations  of  all  the  bridges  higher  up  the 
Ktreani — wliich  i)roved  to  be  the  case.  Having  already 
extensively  employed  coffer-dams  in  getting  in  the 
foundjitions  of  the  London  and  East  India  Dock  walls, 
lie  had  no  doubt  as  to  their  success  in  this  case ;  and 
they  were  adopted  accordingly.* 


*  ll)c  ouffiT-<iains  in  which  the 
foiiiMlatiotw  of  the  abutmcuto  were 
Imilt,  were  formfd  by  driving  two 
rtmu  of  iiikni  13  by  64  inches  each, 
with  a  counter  or  abutting  pile  at 
ev«Ty  12  feel,  12  by  12,  driven  in  the 
fonn  of  an  eUii«iii,  and  strongly  ce- 
nM'Utiil  t4jgether,  at  low-water  and 
hi^h-water  leveU,  by  double  hori- 
7^ifital  walings  or  bracks,  liaving  a 
s{«oe  of  about  8  inches  clear  between 


them  for  the  intermediate  or  half 
piles.  The  whole  were  driven  close 
together  from  15  to  20  feet  deep  into 
the  ground,  well  caulked,  so  as  to  be 
water-tight,  and  all  connected  firmly 
together  by  strong  wrought  iron  bare 
and  bolts,  besides  shores  and  inter- 
mediate braces.  The  siMoes  between 
the  two  rows  of  piles  were  then 
rammed  close  with  well-tempered 
cky,  so  that  they  formed,  as  it  were, 
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Mr.  Reniiie  also  introduced  a  practice  of  some  novelty 
and  importance  in  the  centering  uj)on  which  the  arches 
of  the  bridge  were  built.     lie  adopted  the  braced  prin- 


(KNT^IcIInG    Ol-    AKCII.  WATKKLOU   iililliGE.     [Alter  E.  BJct«.] 

ciple.  The  centres  spanning  the  whole  width  of  the 
arch  were  composed  of  eight  ribs  each,  formed  in  one 
piece,  resting  upon  tlie  same  number  of  solid  wedges, 


a  Holid  vat  or  tub  impcrmeablo  to 
water  ;  ainl  witliiii  these,  when 
I)umi)cd  clear  of  \vat<T,  the  excava- 
tion was  made  to  the  proj^er  dc])th, 
and  in  the  sjku'^^  so  <hig  out  the 
buildinj^  u|HTations  jinKX-'etled.  The 
coller-thuns  lor  the  piers  were  lbnne<l 
in  a  similar  manner,  with  nuj<lilic}i- 
tiuns  aceordin;^  to  circumstances.  \\y 
this  means  the  bed  of  the  river,  where 
th(!  j>iers  were  to  \y^  erecte<l,  w«is  ex- 
lK»so<l  and  du«^  (JUt  to  the;  ])ro|K*r 
ilepth,  and  the  foundations  were  eom- 
mencc<l    from    a    level    nine   feet    at 


least  below  low  water  mark.  Tlie 
foundations  tliere  restixi  uix>n  titulKT 
piles  from  20  to  22  feet  loiig,  driven 
into  the  solid  bed  of  the  river.  Uf»on 
the  heads  of  tlicsc  itiles  half-timber 
planking  was  spikoil,  and  on  this  the 
solid  masonry  wa«  built — every  stone 
iK'ing  fitted,  mortared,  and  laid  with 
studious  accuracy  and  preciidou.  The 
whole  work  was  done  with  such  soli- 
dity that,  after  the  lapHC  of  fifty  years, 
the  foundations  have  not  yielded  by  a 
sti-aw's  breadth  at  any  ];;oint. 
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supported  by  inclined  tressels  placed  upon  longitudinal 
l)earer8,  firmly  fixed  to  the  offsets  of  the  piers  and  abut- 
niente.  At  the  intersecting  point  of  the  bearers  or 
braces  in  each  rib,  there  was  a  cast  iron  box  \vith  two 
holes  or  openings  in  it,  so  that  the  butt-ends  rested  firmly 
against  the  metal ;  and  to  pi'event  them  from  acting  like 
so  many  wedges  to  tear  the  rib  to  pieces  when  the  ver- 
tical weight  of  the  arch  began  to  act  upon  them,  pieces 
of  hard  wood  were  driven  firmly  into  the  holes  above 
described,  to  check  the  effect  of  the  bearers  or  strutts  of 
the  ribs ;  and  this  armngement  proved  completely  suc- 
cessful. The  eight  ribs  were  firmly  connected  together  by 
braces  and  ties,  so  jis  to  form  one  compact  frame,  and  the 
curve  or  form  of  the  arch  was  accurately  adjusted  by 
means  of  transverse  timbers,  12  inches  wide  and  6  inches 
thick,  laid  across  the  whole  of  the  ribs,  set  out  to  the 
exact  form  of  the  curve  by  ordinates  from  the  main  or 
longitudinal  axis  of  the  ellipsis ;  and  in  proportion  as 
the  voussoirs  or  arch-stones  were  carried  up  from  the 
adjoining  piers,  the  weight  which  had  been  laid  upon 
the  top  of  the  centre  to  keep  it  in  equilibrium  according 
to  the  form  of  the  arch  during  construction,  was  gra- 
dually removed  as  it  advanced  towards  completion. 
When  the  arch  was  about  two-thirds  completed,  a  small 
|K>rtion  of  it  was  closed  with  the  centre,  and  the  remain- 
ing |«irt  of  each  side  was  brought  forward  regularly 
liy  offsets  to  the  crown  until  the  whole  was  finished. 
Kach  key-stone  was  accurately  fitted  to  its  respective 
place,  and  the  lai^t  portion  of  each,  for  the  space  of  about 
eighteen  inches,  was  driven  home  by  a  heavy  wooden 
mm  or  pile-engine,  so  as  almost  to  raise  the  crown  of 
the  arch  from  the  centre. 

AlM)ut  ten  days  after  the  main  arches  had  been 
cnmplete<l,  and  the  inverts  and  spandrel  walls  be- 
iwvvn  them  carried  up  to  the  proper  height,  the  arches 
wtre  gently  slackened,  to  the  extent  of  about  two 
inehes,   so  ;us   to  bring  each   to  itw  bejiring   to   a  cer- 
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tain  extent.  This  was  effected  by  driving  back  the 
wedges  upon  which  the  ribs  of  the  centres  rested,  by 
means  of  heavy  wooden  rams  attached  to  them,  so 
tliat  they  could  swing  backwards  and  forwards  with 
great  facihty  when  any  external  force  was  applied  to 
them ;  and  this  was  done  by  ropes  worked  by  hand- 
labour.  After  the  first  striking  or  slackening,  the 
arches  were  allowed  to  stand  for  ten  days,  when  the 
wedges  were  driven  back  six  inches  fiu*ther.  After  ten 
days  more  the  wedges  were  driven  back  suflSciently  to 
render  the  arch  altogether  clear  of  the  centering.  By 
this  means  the  mortar  was  firmly  imbedded  into  all  the 
joints,  and  the  arcli  came  gradually  to  its  ultimate  bear- 
ing without  any  undue  crushing.  In  order  to  ascertain 
wlicther  any  change  of  fonn  took  2:)lace,  three  straight 
lines  were  drawn  in  black  chalk  on  the  extreme  face  of 
the  arch  previous  to  commencing  the  operation  of  sti'iking 
the  centre, — one  horizontally  in  the  centre  of  the  vous- 
soirs  forming  the  crown,  and  tv\^o  from  the  haimches  of 
the  arch,  each  intersecting  the  first  line  at  about  25  feet 
on  each  side  of  the  keystone ;  so  that  if  there  had  been 
any  derangement  of  the  curve  or  irregular  sinking,  it 
would  at  once  have  been  clearly  apparent.  After  the 
centres  had  been  removed,  it  was  found  that  the  sinking 
of  the  arches  varied  from  24  to  3i  inches,  which  was  as 
nearly  as  possible  the  allowance  made  by  the  engineer 
in  designing  tlie  work ;  the  whole  plan  being  worked 
out  with  admirable  precision  and  accuracy. 

The  method  of  fixing  and  removing  the  centres  was 
entirely  new;  beuig  precisely  the  same  as  was  after- 
wards followed  by  Mr.  Robert  Stephenson  in  fixing 
tlie  wrought  iron  ribs  of  the  Conway  and  Britannia 
bridges, — that  is,  by  constructing  them  complete  on  a 
platform  adjacent  to  the  river,  and  floating  them  between 
the  piers  on  barges  expressly  contrived  for  the  purpose. 
They  were  then  raised  into  their  proper  places  by  four 
strong  screws,  8  inches  in  diameter  and  4  feet   long, 
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fixed  in  a  strong  cast  iron  box  firmly  bedded  in  the  solid 
floor  of  the  barge.  The  apparatus  worked  so  well  and 
smoothly,  that  the  whole  centre,  consisting  of  eight  ribs, 
each  weighing  about  fifty  tons,  was  usually  placed  within 
die  week. 

The  means  employed  by  Mr.  Rennie  for  forming  his 
road  upon  the  bridge  were  identical  with  those  adopted 
by  Mr.  Macadam  at  Bristol  some  six  years  later.  But  the 
arrangement  constituted  so  small  a  part  of  our  engineer's 
contrivances,  that,  as  in  many  other  cases,  he  made  no 
merit  of  it.  When  the  clay  puddle  placed  along  the 
intended  roadway  was  sufficiently  hard,  he  spread  a 
stratum  of  fine  screened  gravel  or  hoggins,  which  was 
carefully  levelled  and  pressed  down  upon  the  clay.  This 
was  then  covered  over  with  a  layer  of  equally  broken 
flints,  about  tlie  size  of  an  egg ;  after  which  the  whole 
WS18  rolled  close  together,  and  in  a  short  time  formed 
an  admirable  "  macjidamized "  road.  Mr.  Rennie  had 
|>ractised  the  same  method  of  making  roads  over  his 
bridges  long  before  1809 ;  and  he  continued  to  adopt 
it  in  all  his  subsequent  structures. 

The  whole  of  the  stone  required  for  the  bridge 
(excepting  the  balustrades,  which  were  brought  ready 
worked  from  Aberdeen)  was  hewn  in  some  fields  ad- 
jac-ent  to  the  erection  on  the  Surrey  side.  It  was 
transjx^rted  on  to  the  work  upon  trucks  drawn  along  rail- 
ways, in  the  first  instance  over  temporary  bridges  of 
wfxnl ;  and  it  is  a  remarkable  circtunstance  that  nearly 
tlie  whole  of  the  material  was  drawn  by  one  horse, 
calle<l  "  Old  Jack" — a  most  sensible  animal,  and  a  great 
favourite.  His  driver  was,  generally  speaking,  a  steady 
jind  trustworthy  man,  though  ratlier  too  fond  of  his  dram 
lie  fore  breakfast.  As  the  railway  along  which  the  stone 
w:is  <lra\^Ti  passed  in  front  of  tlie  public-house  door,  the 
horse  ancl  truck  were  usually  pulled  up  while  Tom 
entered  for  his  "  morning."  On  one  occasion  the  driver 
stayed  so  long  tliat  "Old  Jack,"  becoming  impatient. 
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poked  liis  liead  into  tlie  open  door,  and  takinfi:  his  master's 
coat-collar  between  his  teeth,  tliongh  in  a  gentle  sort  of 
nianner,  jmlled  him  out  from  the  midst  of  his  com[xinioiis, 
and  thus  forced  him  to  resume  the  day's  work. 


NKArj-.iiiuit  buirx>K 

[    y  1'  .ici-  aI  ^^k•  I'^m.  adjer  hui  original  Dravlo^.] 


The  l)iidge  was  o]>ened  with  great  ceremony  by  His 
Koyjd  HiVliness  the  Prince  Regent,  attended  by  the 
Dnkc  of  WelHngton  and  many  other  distinguiBhed  jier- 
sonn^os,  on  tlie  18tli  of  June,  1817.  It  was  originally 
iiaiiK.Ml  tli(^  Strand  Britlge  ;  hut  after  that  date  the  name 
was  ;iltcrud  to  that  of  "  Waterloo,''   in  liouoiir  of  the 
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Duke.  At  the  opening,  tlie  Prince  Regent  offered  to 
confer  the  honout  of  kniglitliood  on  the  engineer,  who 
respectfully  declined  it.  Writing  to  his  friend  Whid- 
bey,  he  said,  "  I  had  a  hard  business  to  escape  kniglithood 
at  the  opening."  He  was  contented  with  the  simple, 
unadorned  name  of  John  Rennie,  engineer  and  architect 
of  the  magnificent  structure  which  he  had  thus  so  suc- 
cessfully brought  to  completion.  Waterloo  Bridge  is 
indeed  a  noble  work,  and  probably  has  not  its  equal  for 
magnitude,  beauty,  and  solidity.  Dupin  characterised 
it  as  a  colossal  monument  worthy  of  Sesostris  or  the 
Caesars ;  and  what  most  struck  Canova  during  his  visit 
to  England  was,  that  the  trum[)ery  Chinese  bridge,  then 
in  St.  James's  Park,  should  be  the  production  of  the 
Govenmient,  whilst  Waterloo  Bridge  was  the  enterprise 
of  a  private  company.  Like  all  Rennie's  works,  it  was 
built  for  ix>sterity.  That  it  should  not  have  settled 
more  than  a  few  inches — not  five  in  any  part — after 
the  centres  were  struck,  is  an  illustration  of  solidity  and 
strength  probably  without  a  parallel.  We  believe  that 
to  this  day  not  a  crack  iji  visible  in  the  whole  work. 

The  necessity  for  further  bridges  across  the  Thames 
increased  with  the  giowth  of  population  on  both  sides  of 
the  river;  and  in  the  year  1813  a  Company  was  formed 
to  provide  one  at  some  point  intermediate  l^etween 
Black  friars  and  London  Bridge,  of  which  Mr.  Rennie 
was  app)inted  the  engineer.  The  scheme  was  at  first 
stronjrly  opj)osed  by  the  Corporation  on  the  gi'ound  of 
tlie  narrowness  of  the  river  at  the  point  at  which 
it  was  proj)osed  to  erect  the  new  structure;  but  the 
public  demands  being  urgent,  they  at  length  gave  way 
an<l  allowed  the  necessary  Act  to  pass,  insisting,  how- 
rvir,  <»n  the  provision  of  a  very  large  waterway,  so 
that  the  least  obstruction  should  be  offered  to  the  navi- 
pitinn.  Mr.  Rennie  prepared  a  design  to  meet  the 
n«*(vssities  of  the  aise,  and  in  order  to  secure  the  largest 
jHis^ible  waterway,  he  projected  his  well-known  South- 
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wark  Bridge,  extending  from  Queen  Street,  Cannon 
Street,  to  Bridge  Street,  Southwark.  It  consists  of 
three  cast  iron  arelies,  \ntli  two  stone  piers  and  abut- 
ments. The  arches  are  flat  segments  of  circles,  the  centre 
one  being  not  less  than  240  feet  span  (or  4  feet  lai^r 
tlian  Sunderland  Bridge,  tlie  largest  cast  iron  arch  that 
had  until  then  been  erected),  rising  24  feet,  and  spring- 
ing G  feet  above  high  water  of  spring  tides.  The  two 
side  arches  are  of  210  feet  span,  each  rising  18  feet 
10  inches,  and  s})ringing  from  tlie  same  level.  The  two 
piers  were  24  feet  wide  each  at  the  springing,  and  30  feet 
at  the  base. 

The  works  commenced  with  the  coffer-dam  of  the  south 
pier  on  the  Southwark  side,  and  the  first  stone  was  laid 
by  Admiml  Lord  Keith  about  the  beginning  of  1815. 
All  the  centering  for  the  tliree  arches  w^as  fixed  by  tlie 
autumn  of  1817,  and  tlie  main  ribs  were  set  by  the  end 
of  April,  1818.  The  centres  were  stnick  by  the  end  of 
the  montli  of  June  following,  and  completely  removed 
by  the  middle  of  October ;  and  the  bridge  was  opened 
for  traffic  in  March,  1819. 

In  the  coTirse  of  this  work  great  precautions  were 
used  in  securing  tlie  foundations  of  the  piers.  The  river 
w^as  here  at  its  narrowest  and  deepest  point,  the  bed 
being  14  feet  below  low  water  of  ordinary  spring  tides. 
The  coffer-dams  were  therefore  necessarily  of  great  depth 
and  strength  to  resist  the  pressure  of  the  body  of  water, 
as  well  as  the  concussion  of  the  barges  passing  up  and 
down  the  river,  which  frequently  drove  against  them. 
Hence  the  dams  were  constructed  in  the  form  most 
capable  of  resisting  external  pressure,  and  yet  suitable 
to  the  dimensions  of  the  foundations.^     The  masonry 


*  They  were  made  elliptical,  and 
consisteil  of  two  main  rows  of  piles 
14  inches  wpiare,  pUicecl  6  feet  ai)art. 
Thes(.>  were  cementc^l  tcx^ether  on  each 
side  at  the  level  of  low  water  at  lialf- 
tide,  and   2   feet   above  high  water 


of  spring  tides,  with  borizoDtal  wml- 
ings  or  braces,  also  14  inches  acniare, 
firmly  secured  to  every  tent^  pile  by 
wrought  iron  screw  bolts  21  indMS 
diameter  passing  through  each  row 
of  piles,  and  fi^ed  at  each  end  by 
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and  iron  work  of  the  bridge  were  erected  with  great  care 
and  completeness.  The  blocks  of  stone  in  the  piers  were 
accurately  fitted  to  their  places  by  moulds,  and  driven 
dowTi  by  a  heavy  wooden  mm.  The  least  possible 
quantity  of  finely  tempered  mortar  was  used,  so  that 


iATy,c  bracket-pieces  of  timber  and 
wruii^ht  irou  plates  and  nuts,  so  that 
the  wliole  could  be  firmly  screwed  up 
and  bnuxil  ti^ether.  Tlic  \n\vs  were 
Will  hejuiiti  juid  shod  with  wrought 
in  III,  and  driven  from  15  to  20  feet 
into  the  »ulid  Ixjttom  of  the  river. 
On  the  uuthide  of  the  two  main  rows 
of  piles  there  was  another  placed 
six  feet  truni  the  inner,  and  driven 
to  the  same  dejith,  but  their  heads 
only  txttndc^l  up  to  the  level  of  lialf- 
tide.  Tlu-y  were  tie<l  together  with 
horizontal  braces  and  wrought  iron 
screw  bolts,  in  the  same  manner  as  the 
two  main  rows.  The  joints  of  all 
wt*re  wtll  caulke<],  and  the  8|>ace8 
ln'twwn  the  three  rows  were  lilled 
with  well-iiu(hlle*l  clay,  ho  as  to  be 
oaupletely  imjH'n'ious  to  water.  On 
«uh  dam  there  was  a  tnmk  three 
f«it  *)iian',  titu-d  witli  a  valvf,  which 
cnuld  U'  lowenil  or  raistii  at  plwusure, 
.**»  lliat  the  water  couKl  be  let  otf  to 
x\ir  U'Vvl  of  low  tide,  or  tilkxl  at  any 
time,  in  the  ev»M»t  of  any  accident  oc- 
nirrin;^  in  tiit*  building  of  tl»e  piers. 
Thr  ahiitnient  it){ler-<ianis  were  con- 
Mnutiii  in  a  siini-circular  fonn,  and 
o>n.Hisi«'«l  of  twv»  rows  ot  piles  of  like 
«lim«  iLsiuiLs,  »in»ilarly  rammeil  Ik- 
twc-*u  with  clay  to  keep  out  the 
watiT.  The  ehcliiseil  spaces  were 
pumiM^l  out  by  nirans  of  steam- 
eiij:in«'«  of  -O-horsc*  j)OWer.  The  en- 
giin-s  wi»rk«il  douhlf  pumjw  of  15 
iiM  Ih*s  diam«t«T  by  an  arnuigement  of 
«l»dt-nxlM.  \\'\nu  n<'cfssary,  as  at 
th<*  i'ity  iil»Mtinrnt,  where  the  wjil 
w;tH  niMn*  j«»roiis  an  a*lditioiuil  engine 
with  punijiss  w.Ls  finployc*!.  Hythe^e 
o.inj'l*  t«'  meth*)iLs  the  water  W;is  kept 
uiid« T  until  tiie  foundations  were  got 
111  at  the  gFL-at  deptli  we  have  above 
-t.itiii.  The  piers  and  abutments  rest 
on  >*'hd  platfonns  of  pih-s,  cills,  and 
phmkin.:  aliout  'J  fei-t  G  inches  thick. 
I'hf    pilfii,   of    fir,   elm,   and    lx*ech. 


20  feet  long  and  12  inches  in  dia- 
meter, shod  with  wrought  iron,  were 
driven  in  regular  rows  three  feet 
af)art,  until  a  ram  of  15  cwt.  falling 
from  a  height  of  28  feet  moved 
them  downward  only  half  an  inch 
at  a  blow.  Their  ht^s  were  then 
cut  oft*  level ;  the  earth  and  clay 
removed  from  about  them  to  the 
depth  of  a  foot,  and  the  space  fillod 
in  with  Kentish  rag -stone,  well 
rammed  and  grouted  together  with 
lime  and  gravel.  Cills  of  fir,  beech, 
and  elm,  12  inches  thick  and  14 
inches  wide,  were  then  accurately 
fitted  and  8i)iked  to  each  pile-head,  in 
the  transverse  direction  of  the  piers 
and  abutments,  with  wrought  iron 
jagged  spikes  18  inches  long  and  six- 
eighths  of  an  inch  square.  The 
s|>acc«  between  the  cills  were  solidly 
filled  with  brickwork,  and  another 
row  of  cills  of  the  same  dimen- 
sions, laid  at  right  angles  to  those 
below,  was  fitted  and  spiked  to  them 
over  each  row  of  i)iles,  in  the  same 
manner  as  alx>ve  exjilained.  The 
sjttices  were  then  filled  with  brick- 
work ;  the  whole  surface  was  covered 
witli  a  solid  flooring  of  elm-i>lank  6 
inches  tliick,  well  bedded  in  mortar, 
and  spiked  down  to  each  cill  with 
wrought  iron  jagge<i  spikt«  10  inches 
long  and  five-eigliths  of  an  inch  8C}uare. 
It  may  here  be  observetl,  as  to  the 
use  of  timljer  at  this  depth,  that  when 
it  is  exix>8ctl  to  an  CHpiable  degree  of 
moisture  it  is  found  almost  imiwrish- 
able — timber  having  lieen  taken  up, 
as  fresh  im  when  laid  down,  from 
the  foundations  of  stnictures  laid  in 
water  for  more  than  a  thousjuid  years. 
Besides,  timlvr  is  founti,  better  than 
any  other  material,  cafKible  of  dis- 
tributing the  pressure  over  the  whole 
surlivce,  as  well  as  bimling  all  the 
jiarts  of  the  foundations  together. 
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every  part  should  have  a  j^erfectly  tnie  pcrraanent  bear- 
m^.  Great  care  was  also  bikeu  in  the  selection  of  the 
blocks.  The  exterior  of  the  [)iers  was  constructed  of 
hard  sihcious  stone  brought  from  Craigleith  Quarry  near 
Edinburgh,  and  Dundee  ;  the  interior,  from  the  bottom 


Si.-UIHWAi'.K    BlilL-GK 
[i'y  l..rcival  Skclton.  ufU:r  b.s  ori^iua)  Drawiog.] 


of  the  foundations  to  the  s[)ringing  of  the  arches,  of 
hard  Yorkshire  grit ;  while  that  part  of  the  piers  and 
ahutnients  from  which  the  arches  spring  consisted  of 
tli(»  hardest  :ind  closest  blocks  of  Cornish  and  Al>er- 
deen  granite  :  in  Hue,  it  niav  he  aflirmed  that  a   more 


Chap.  VI.  SQUTHWARK  BRIDGE.  191 

solid  piece  of  masonry  does  not  exist  than  Southwark 
Bridge. 

The  iron  work  consists  of  eight  arched  ribs,  the  main 
strength  of  the  arches  being  embodied  in  their  lower 
parts,  which  are  solid.  The  lower  or  main  arch  is 
divided  into  thirteen  })ieccs,  with  a  rib  5i  inches  thick 
at  the  top  and  bottom,  and  2i  inches  in  the  centre. 
The  joints  radiate  outwards  from  the  lower  edge,  and 
form  so  niiiny  cast  iron  instead  of  stone  voussoirs,  from 
G  to  8  feet  deep  and  13  feet  long.  At  the  junction  of 
ea(!h  of  these  main  rib  pieces  there  are  transverse 
plates  of  the  same  depth,  havhig  flanges  cast  upon 
them  on  both  sides  in  a  wedge  form,  so  that  the  ends 
of  the  main  rib  piers  fit  into  them  on  one  side,  whilst 
on  the  other  there  is  a  cast  iron  wedge,  driven  in 
l>etween  the  rib  and  flange  piece,  and  enabling  the  whole 
to  be  accurately  adjusted  and  connected  together.  In 
addition  to  this,  each  rib  piece  had  a  flange,  cast  at  each 
end  witli  a  certain  number  of  holes  three  quarters  of 
an  inch  in  diameter,  into  which  wrought  iron  screw 
lM)lt8  were  introduced  to  connect  the  whole  firmly  toge- 
ther in  the  direction  of  the  arch.  These  rib  pieces 
were  also  of  great  im[>ortance  during  construction,  the 
chief  dependence  l)eing  placed  upon  their  lateral  thrust 
in  holding  the  arches  together.  At  each  pier  and 
abutment  there  was  a  similar  cast  iron  bed  or  abutting 
plate,  let  accurately  li  inch  into  the  stone  ;  but  between 
the  end  of  each  main  rib  which  sprang  from  this  plate 
there  was  a  groove  cut  out  of  the  solid  stone  behind 
the  s[)ringing  plates  and  main  iron  ribs  of  the  arches, 
18  inches  wide,  3  inches  thick  at  the  top,  and  2  inches 
at  lK>ttom.  This  groove  was  accurately  dressed  and 
jiohshed.  Three  c:ist  iron  wedges,  9  feet  long,  6  inches 
wiile,  and  3i  inches  thick  at  top  and  2  inches  at  bottom, 
w<Me  then  made  and  most  accumtely  chi[)ped  and  filed, 
H>  as  tu  (it  exactly  the  groove  above  mentioned  to  within 
1 2  inches  of  its  lx)tt<)m.    When  the  whole  of  these  wedges 
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at  both  ends  of  the  arch  had  been  put  into  their  places, 
they  were  carefully  driven  home  to  the  bottom  of  the 
grooves  at  the  same  time  by  heavy  wooden  rams,  by 
which  means  the  ribs  of  the  arches  were  relieved  from 
the  centres  and  took  their  o\\ai  bearing.  In  other  words, 
tlie  arches  were  keyed  from  the  abutments  only,  instead 
of  from  the  centre,  as  is  usual  in  bridges  of  stone.  This 
was  an  extremely  delie^ite  and  nice  process,  as  it  requii-ed 
that  the  variations  of  the  thermometer  should  be  carefully 
observed,  in  order  that  each  operation  should  be  carried  on 
at  as  nearly  as  possible  the  same  degree  of  temperature, 
otherwise  the  form  of  the  arch  would  have  been  distorted, 
the  verticiil  and  lateral  pressure  of  the  different  parts 
would  have  been  aflbcted,  and  an  undue  strain  thrown 
uj^on  the  abutments  as  well  as  the  different  parts  of  the 
arch.  But  so  nicely  was  the  whole  operation  arranged 
and  adjusted,  that  nothing  of  the  kind  occurred :  the 
parts  remained  in  perfect  equilibrium ;  not  a  bolt  was 
broken,  and  not  the  smallest  derangement  was  found  in 
the  structure  after  the  process  had  been  completed. 

The  spandrel  pieces  attached  to  the  top  of  the  main 
ribs  were  cast  in  the  foiin  of  open  diamonds  or  lozenges, 
connected  together  in  the  transverse  direction  by  two 
tiers  of  solid  crosses  laid  nearly  horizontally — all  closely 
wedged  and  firmly  bolted  together.  In  addition  to  the 
transverse  connecting  plates  cast  in  open  squares,  there 
were  also  diagonal  braces  of  cast  iron,  commencing  at 
the  extremity  of  the  outer  rib  of  each  arch  and  inter- 
secting each  other  so  as  to  form  a  diamond-shaped  sjxiee 
in  the  centre.  These  were  also  secured  at  their  ends  by 
wedges  and  bolts,  like  the  main  rib  pieces.  After  the 
main  libs  of  the  arches  were  relieved  from  the  centres, 
and  had  taken  their  bearing,  before  the  centres  were 
removed  from  beneath  them,  experiments  were  made 
liow  far  they  miglit  be  aflected  by  expansion  and  con- 
traction, in  pro})ortion  to  the  different  degrees  of  tempera- 
ture to  which  tlie  bridge  might  be  exposed ;  and  for  this 
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purjwse  different  gauges  were  made,  of  brass,  iron,  and 
wood.  These  gauges  were  finnly  attached  to  the  middle 
or  crown  of  the  wooden  centres,  and  divided  into 
sixteenths  of  an  inch,  and  at  each  a  Fahrenlieit  thermo- 
meter wiis  placed;  so  that,  tlie  ends  of  the  arch  being 
fixed,  the  variation  in  the  temperature  would  be  indicated 
by  the  rise  and  fall  in  the  centre.  The  observations 
were  made  daily — in  the  morning,  at  midday,  and  at 
sunset — for  several  months  during  summer  and  winter, 
when  it  was  ascertained  that  the  arches  rose  and  fell 
alxjut  one-tenth  of  an  inch  for  every  10  degrees  of  tem- 
|>emture,  more  or  less. 

The  whole  iron  work  is  covered  witli  solid  plates, 
having  flanges  cast  on  their  upper  side.  These  plates 
are  laid  in  the  transverse  direction  and  on  the  top  of  the 
s[){indrel  walls,  so  that  they  foim  a  solid  and  compact 
cast  iron  floor  to  support  the  roadway.  The  cornice, 
which  is  cast  hollow,  is  of  the  plain  Roman-Doric  order, 
and  is  secured  to  the  roadway-plates  by  strong  stays  and 
\H)]tH  at  pro|>er  intervals.  The  parajjet  consists  of  a 
plinth,  also  cast  hollow,  with  a  groove  at  the  top  to 
receive  the  railing,  which  is  cast  in  the  form  of  open 
diamonds  corresponding  with  the  spandrels.  The  road- 
way is  42  feet  wide  from  (Mitside  to  outside,  and  fonned 
in  the  Kime  manner  as  that  over  Waterloo  Bridge, 
aheady  desc*ribed.  The  total  quantity  of  cast  iron  in 
the  bridge  is  3G20  tons,  and  of  wrought  iron  112  tons. 
It  has  been  said  that  an  unnecessarily  large  quantity 
of  material  has  lx3en  employed;  and  no  doubt  a  lighter 
structure  would  have  stood.  But  looking  at  the  im})er- 
fections  of  workmanship  and  possible  flaws  in  the 
coastings,  Mr.  Ilennie  was  probably  justified  in  making 
tlie  strengths  such  as  he  did,  in  order  to  ensure  the 
greatest  possible  solidity  and  durability — qualities  which 
t-miiKMitly  characterize  his  works,  and  perhaps  most  of 
all,  liis  majestic  metropolitan  bridges.  Although  the 
r^outhwark  Bridge  was  built  before  the  Railway  era, 
VOL.  II.  o 
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which  has  given  so  great  an  impetus  to  the  constriiction 
of  iron  bridges,  it  still  stands  pre-eminent  in  its  class, 
and  is  a  model  of  what  a  bridge  should  be.  Its  design 
was  as  bold  as  its  execution  was  masterly.  Mr.  Robert 
Stephenson  has  well  said  of  it  that,  "  as  an  example  of 
arcli-construction,  it  stands  confessedly  unrivalled  as 
regards  its  colossal  proportions,  its  architectural  eifect, 
and  tlie  general  simphcity  and  massive  cliaracter  of  its 
details;' ''  _ 

'  Article  on  Iron  Bridges  in  *  Encyclopedia  Britannicti.* 
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CHAPTER    VII. 

Mr.  Benki£*b  Docks  and  Harbours. 

The  growth  of  the  shipping  business,  and  the  increase 
in  our  home  and  foreign  commerce,  led  to  numerous  ex- 
tensive improvements  in  the  harbours  of  Britain  about 
the  l>eginning  of  the  present  century.  The  natural 
faciUties  of  even  the  most  favourably  situated  ports, 
tliough  to  some  extent  improved  by  art,  no  longer  suf- 
ficed for  the  accommodation  of  their  trade.  Compara- 
tively little  had  as  yet  been  done  to  improve  the  port 
of  London-  itself,  the  great  focus  of  the  maritime  and 
commercial  industry  of  Britain.^  It  is  true  its  noble  river 
the  Thames  provided  a  great  amount  of  shipping  room 
and  a  vast  extent  of  shore  convenience  between  Millwall 
and  London  Bridge ;  but  the  rise  and  fall  of  the  tide  twice 
in  every  day,  and  the  great  exposure  of  the  vessels 
lying  in  tlie  river  to  risks  of  collisions,  and  other 
drawbacks,  were  felt  to  be  evils  which  the  shipping 
interest  found  it  necessary  to  remedy.  Besides  the 
crowding  of  the  river  by  ships  and  lighters — the  larger 
vessels  liaving  to  anchor  in  the  middle  of  the  stream  as 
low  as  Black  wall,  from  which  their  cargoes  were  lightered 
to  the  warehouses  higher  up  the  Thames — the  warehouse 

'  'V\\v  incTvsimi  in  the  tnvio  of  London  is  exhibited  by  the  following  abstract 
mI' v«-hju'1h  Hiti'R-d  at  the  jMirt  at  different  periods  since  the  beginning  of  last 
1^  iitiirv  : — 


VtAtU*. 


BaiTitH. 

V«ti.to. 

ToniMmr. 

8:i9 

»o,(>40 

Uim 

198,023 

1»>49 

:I97,09»> 

FOBUOK.  GOIXIKRl  AVD  OOAITKBS. 


Vewels.    i       Tonnaffe.  Vewrto. 


17HJ  8:i9     i       80,040  496 

ITM         1498  198,023    '        184 

1798        1»>49  397,09»>         1771 


7G,995      I     No  return. 
3<),:H6  Do. 

229,991  10,133 


TomMge. 


No  retom. 

Do. 
1,250,449 


iHiK)  I     6320       1,828,911    '     4857     I    1,152,499      '       18,346 

•  I : 


3,152,853 
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accommodation  was  found  very  inadequate  in  extent  as 
well  as  difficult  of  access.  There  was  also  a  re^ilar 
system  of  plunder  carried  on  in  the  conveyance  of  the 
merchandise  from  the  ship's  side  to  the  warehouses,  the 
account  of  which,  p;iven  in  Mr.  Colquhomi's  work  on 
the  '  Conmierce  and  Police  of  the  Thames/  aflFords  a 
curious  contrast  to  the  security  and  regularity  with 
which  tlie  shipping  operations  of  the  port  are  earried  on 
at  the.f)rosent  day.  Lightennen,  watermen,  labourers, 
sailors,  mates  and  captains  occiisionally,  and  even  the 
officers  of  the  revenue,  were  leagued  together  in  a 
system  of  pilfering  valuables  from  the  open  barges. 
The  lightermen  claimed  as  their  right  the  perquisites 
of  "  wastage  "  and  "  leakage,"  and  they  took  care  that 
these  two  items  should  include  as  much  as  possible. 
There  were  regular  establislunents  on  shore  for  receiving 
and  disposing  of  the  stolen  merchandise.^  The  Thames 
Police  was  established,  in  1798,  for  the  purpose  of 
checking  this  system  of  wholesale  depredation  ;  but,  so 
long  as  the  goods  were  conveyed  from  the  ship's  side  in 
open  hghters,  and  the  open  quays  foimed  the  principal 
shore  accommodation — sugar  hogsheads,  barrels,  tubs, 
baskets,  boxes,  bales,  and  other  packages,  being  piled 
up  in  confusion  on  every  available  foot  of  space — it  was 
clear  that  mere  police  regulations  would  be  unequal  to 
meet  the  difficulty.  It  was  also  foimd  that  the  confused 
manner  in  which  the  imports  were  brought  ashore  led 


^  Mr.  Col(]ulioun,  the  excelloiit 
Police  Miigistratv,  (.-stiiiiaUHl  that,  in 
1798,  the  (lei)rc'tlations  on  the  lbrei<!^ii 
mid  coastin;^  trade  aniouiiteil  to  tlie 
ahnost  increilible  sum  of  500,000/., 
and  on  the  West  India  trade  to 
232,000/.— togetlier  7r5H,0(X>Z. !       He 


terestcd  in  tho  plunder,  to  be  550 1 
Cohjuhouus  lxx)k,  and  its  dc8cri{>- 
tions  of  the  lumijers,  scuffle-hunters, 
lons-ai>ron  men,  bumboat  men  and 
Avomen,  river-i>imte8,  light-horsemen, 
and  other  characters  who  worked  at 
the  water-side,  with  their  skilful  &\>- 


statwl  tlie  numlxT  of  depredators — in-  i  jH^ndagea    of   jiggers,    bladders   with 

eluding  mates,  interior  ulVieers,  crews,  nozzles,  |X)uclies,  Iwgs,  sacks,  rockets, 

revenue-oflicers,    Avatennen,    lighter-  ,  <&rc.,fonnai»ictureofiifeonthe  rhames 

men,  watchmen,  iVc. — to  Ix^  10,850  ;  j  sixty  years  since  worthy  to  rank  with 

and  the  numlxT  of  opulent  and  in-  I  Mayliew  s  *  Ix)ndon  liabour  and  Lon- 

ferit)r  receivers,   dealers  in  old  iron,  don  Poor '  of  the  present  day. 

snmll  chandlei^,  publicans,  &c.,   in-  i 
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to  a  vast  amount  of  smuggling,  by  which  the  honest 
merchant  was  placed  at  a  disadvantage  at  the  same  time 
that  the  revenue  was  cheated.  The  Government,  there- 
fore, for  the  sake  of  its  income,  and  the  traders  for  the 
security  of  their  merchandise,  alike  desired  to  provide 
an  effectual  remedy  for  these  evils. 

Mr.  Rennie  was  consulted  on  the  subject  in  1798,  and 
requested  to  devise  a  plan.  Before  that  time  various 
methods  had  been  suggested,  such  as  quays  and  ware- 
hoiLses,  with  jetties,  along  the  river  on  both  sides ;  but 
all  these  eventually  gave  place  to  that  of  floating  docks 
or  basins  communicating  with  the  river,  surroimded 
with  quays  and  warehouses,  shut  in  by  a  lofty  enclosure- 
wall,  so  that  the  whole  of  the  contained  vessels  and  their 
merchandise  should  be  placed,  as  it  were,  under  lock 
and  key.  By  such  a  method  it  was  lielieved  the  goods 
could  Ije  loaded  and  unloaded  with  the  greatest  economy 
and  despatch,  whilst  the  Customs  duties  would  be  levied 
with  facility,  at  the  same  time  that  the  property  of 
the  merchants  w^as  effectually  protected  against  depre- 
dation. At  the  beginning  of  the  century  a  small 
<lo<k  had  existed  on  the  Thames,  cjilled  the  Greenland 
Dock;  but  it  was  of  very  limited  capacity,  and  only 
used  by  whaling  vessels.  Docks  had  existed  at  Liver- 
pool for  a  considerable  j^eriod,  which  had  been  greatly 
extended  of  recent  years ;  so  that  there  was  no  novelty  in 
the  idea  of  providing  accommodation  of  a  similar  kind  on 
the  Thames,  though  it  is  certainly  remarkable  that,  with 
the  extraordinary  trade  of  the  metropolis,  the  expedient 
should  not  have  been  adopted  at  a  much  earlier  period. 

The  first  of  the  modem  floating  docks  actually 
constructed  on  the  Thames  was  the  West  India, 
cKTupying  the  isthmus  that  formerly  connected  the  Isle 
of  Dogs  with  Poplar,  and  of  which  Mr.  Jessop  *  was  the 


*  Mr.  Williiiin  Jftwrip,  C.E.,  was 
Atnoii;^  the  tiuMt  I'liiiucut  engineere  of 
hU  (lay.      Hw  father  was   engaged 


unilcr  Smcaton  in  the  building  of  the 
Edtiystone  Lighthouse ;  and,  dying  in 
1761,  he  left  the  guardianship  of  his 
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engineer.  At  the  same  period,  in  1800,  a  company  was 
formed  by  the  London  merchants  for  the  purpose  of 
constructing  docks  at  a  point  as  near  the  Exchange  as 
might  be  practicable,  for  the  acconunodation  of  general 
merchandise,  and  of  this  scheme  Mr.  Eennie  was  ap- 
pointed the  engineer.  He  proposed  several  designs  for 
consideration  on  a  scale  more  or  less  extensive,  adopting 
his  usual  course  of  submitting  alternative  plans,  from 
which  practical  men  might  make  a  selection  of  the  one 
most  suitable  for  the  purposes  of  their  business ;  at  the 
same  time  invithig  suggestions,  which  he  afterwards 
worked  up  into  his  more  complete  designs.  As  the 
future  trade  of  London  was  an  unknown  quantity,  he 
wisely  piovided  for  the  extension  of  the  docks  as  circimi- 
stanccs  might  afterwards  require. 

In  carrying  out  the  London  Docks  it  was  deemed 
advisable,  in  the  first  instance,  to  limit  the  access  to  the 
present  Middle  River  Entrance  at  Bell  Dock,  150  feet 


family  to  that  eii«;inccT,  wlio  adoj^ted 
William  as  his  I'Upil,  and  cArdully 
brou^lit  him  up  to  the  same  profcs- 


\ViLl.lA:iI   JKSHUi--.   (■  h.. 


sion.  With  Smwiton  Jessop  coutinuetl 
lor  ten  j'enre ;  and,  after  leaving 
him,  he  was  engaged  sncccssively  on 
th(;  Aire  and  Calder,  the  Calder  and 
Hehble,  and  the  Trent  Navigations. 


He  also  executed  the  Cromfoixl  and 
the  Nottingham  Canals ;  the  Lough- 
borough and  Leicester,  and  the  Horn- 
cast  le  Naviffiitions;  but  the  most 
extensive  and  imix)rtant  of  his  works 
of  this  kind  was  the  Grand  Junction 
Cimal,  by  which  the  whole  of  the 
north- western  mland  navigation  of  the 
kingdom  was  brought  into  direct  con- 
nection with  the  metroix)lis.  He  was 
also  employed  as  engineer  for  the  Cale- 
donian Canal,  in  which  he  was  suc- 
ceeded by  Telford,  who  carried  out  the 
work.  He  was  the  engineer  of  the  West 
India  Docks  (1800-2)  and  of  the  Bristol 
l)ock8  (1803-8),  both  works  of  great 
imi)oi-tauce.  He  was  the  first  cngiueer 
who  was  employed  to  lay  out  anti 
constnict  railroads  as  a  branch  of  liis 
profession;  the  Croydon  and  Mcrsthain 
1  Railroad,  worked  by  donkeys  and 
mules,  having  been  constructed  by 
him  as  early  as  1803.  He  also  laid 
down  short  railways  in  connection 
with  his  canals  in  Derbyshire,  York- 
shire, and  Nottinghamshire.  During 
the  later  years  of  his  life  he  was 
much  afflicted  by  mralysis,  and  di«l 
in  1814. 
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long  and  40  feet  wide,  with  the  cill  laid  five  feet  below 
low  water  of  spring  tides.  The  entrance  lock  com- 
municated with  a  capacious  entrance  basin,  called  the 
Wapping  Basin,  covering  a  space  of  three  acres,  and  this 
again  with  the  great  basin  called  the  Western  Dock, 
1260  feet  long  and  960  feet  wide,  covering  a  surface  of 
20  acres.  The  bottom  of  the  dock  was  laid  20  feet 
below  the  level  of  high  water  of  an  18  feet  tide.  The 
(plays  next  to  the  river  were  five  feet  above  high  water, 
increasing  to  nine  feet  at  tlie  Great  Dock.  From  the 
<*ast  side  of  the  latter,  it  was  ultimately  proposed  to  make 
two  or  more  docks,  communicating  with  each  other 
and  with  a  larger  and  deeper  entrance  lower  down  the 
river  at  Shadwell ;  all  of  which  works  have  since  been 
carried  out. 


A.s  the  site  of  the  Docks  was  previously  in  a  great 
nu»asure  occupied  by  houses,  considerable  time  neces- 
sjirily  elapsed  before  these  could  be  purchased  and 
rIcanMl  away  ;  so  that  the  works  were  not  commenced 
initil  the  spring  of  1801,  when  two  steam-engines  were 
«*rccted,  of  50  horse  |X)wer  each,  for  pumping  the  water, 
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and  tliree  minor  engines  for  other  purposes,  such  as 
grinding  mortar,  working  the  pile-engine,  and  landing 
materials  irom  tlie  jetty — an  application  of  steam  power 
as  an  economist  of  labour  which  Mr.  Rennie  was  among 
the  first  to  introduce  in  the  execution  of  such  works. 
The  cofler-dam  for  the  main  entrance,  and  the  excava- 
tion of  the  Docks,  wei'c  begun  in  the  spring  of  1802;* 
after  whicli  time  the  works  were  carried  fonvard  with 
great  vigour  until  their  completion  on  the  30tli  of 
January,  1805,  when  they  were  opened  with  consider- 
able ceremony. 

At  a  subsequent  period  Mr.  Rennie  designed  the 
present  westernmost  or  Hermitage  entrance  lock  and 
basin,  the  former  of  which  is  150  feet  long  and  38  feet 
wide,  with  the  cill  hiid  two  feet  below  low  water  of  spring 
tides;  the  basin  and  main  dock  covering  a  siu'face  of 


•  The  l(X^ks  were  Ibundcd  ii];ou 
piles  driven  tinnly  into  the  soil,  with 
ruws  of  gr(X)ve<l  and  long-end  sheet- 
ing ]>iles  hi  front  of  and  behin^l  the 
gates,  in  order  to  i)revent  tlie  \vat<.»r 
from  getting  under  them.  The  cham- 
IxT  Ivtween  the  lock-gates  Wits  formed 
])\'  an  inverte<l  arch  of  nuisoury  2  feet 
(5  inches  thick,  strongly  emlx-ddetl  in 
hrickwork.  The  side-walls  of  tlie 
hx-k  recesst^s  and  chamber  were  7  feet 
thick,  with  strong  counterfixjts  l>e- 
hind  at  the  pro|)er  intervals.  The 
whole .  of  the  hxjks  and  chambers 
wen?  built  of  fine  nuisonry,  com- 
I)Osed  ])rinciiwilly  of  hard  blue  sand- 
stone from  Dundee.  All  the  retain- 
ing walls  of  the  basins  and  dcxrks 
were  ma<le  curvilinear  in  the  facx*, 
drawn  from  a  radius  of  80  feet,  the 
centre  In'ing  level  with  the  ti)p  of  the 
wall,  and  the  Ix^ttom  Ixjing  inclinetl 
at  the  sjime  angle  as  the  ra<lius.  The 
wall  Wiis  of  a  ])anillel  thickness  of 
G  teet,  except  three  or  four  Axjtings  at 
the  back,  where  there  were  also 
counterfiM)ts  3  feet  4  inches  square, 
15  feet  asunder.  The  dock  walls 
were  fcumdrd  generally  U])on  a  strong 
IkhI  of  gravel,  which  rendered  piling 
unnecessary,  and  were  built  ujmhi  a 


flooring  of  beech  and  elm  plank  6 
inches  thick.  Under  the  front  and 
back  of  this  flooring  ran  a  strong  cill 
12  inches  square,  to  which  the  planks 
were  firmly  spiked.  The  walls  and 
counterfoots  were  built  of  brickwork, 
the  front,  for  14  inches  inwards, 
being  formed  of  vitrified  pavier 
bricks,  and  the  remainder  of  good 
hanl  burned  stock,  the  joints  being 
a  quarter  of  an  inch  tliick  in  front 
and  three-eighths  thick  at  the  back  ; 
the  whole  well  betlded  in  excellent 
mortar  made  by  a  mill.  There  were 
two  through  or  binding  courses  of 
stone,  14  inches  thick  m  front^,  in- 
creasing in  thickness  backwards  ac- 
cording to  the  radius  of  the  front  of 
the  wall.  The  w^hole  of  the  locks 
were  furnished  with  cast  iron  turning 
or  swivel-bri<lges  erected  across  them. 
The  works  were  generally  done  by 
contract,  but  the  locks,  which  re- 
quiretl  greater  care,  accuracy,  and 
ct)mpleteness,  were  executed  by  day- 
work,  under  the  engineer's  immecUate 
dirwtion.  [For  further  particulara  as 
to  the^  docks  see  Sir  John  Rennie's 
able  wc»rk  on  *  British  and  Foreign 
llarlHjuis;'  Art.  London  Docks.] 
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one  acre  and  a  quarter.  -Another  small  dock  of  one  acre 
was  afterwards  added  on  the  north-east  side  of  the 
(treat  Iksin,  exclusively  devoted  to  the  tobacco  trade ; 
and  it  \vi\H  nltimately  extended  to  the  Thames  at  Shad- 
well,  as  contemplated  in  the  orighial  design. 

After  the  Docks  had  been  opened  for  trade,  Mr. 
Ronnie  pive  his  careful  attention  to  the  working  details, 
and  he  was  accustomed  from  tune  to  time  to  make  sug- 
gestic^ns  with  a  view  to  increased  despatch  and  economy 
in  the  conduct  of  the  business.  Thus,  in  1808,  he  re- 
oonunended  that  the  whole  of  the  lifting  cranes  in  the 
Docks  should  be  worked  by  the  power  of  a  steam-engine 
instead  of  by  human  or  horse  labour.  He  estimated 
that  the  saving  thus  effected,  in  the  case  of  only  twenty- 
six  cmnes,  would  amount  to  at  least  1500/.  a  year, 
liesides  ensuring  greater  regularity  and  despatch  of 
work ;  and,  if  applied  to  the  whole  of  the  cranes  along 
the  Docks  and  in  the  warehouses,  a  much  greater  annual 
Hjiving  might  be  anticipated.  It  was,  however,  regarded 
•IS  too  lx)ld  an  innovation  for  tlie  time ;  and  we  believe 
the  suggestion  has  not  been  carried  out  to  this  day, 
the  cnines  in  the  London  Docks  being  still  worked 
by  hand  labour,  at  a  great  waste  of  time  and  money, 
as  wi»ll  as  loss  of  business.  Another  of  Mr.  Rennie's 
valuable  suggestions,  with  a  view  to  greater  economy, 
was  the  adoption  of  tramways  all  round  tlie  quays,  pro- 
videil  with  trucks,  l)v  means  of  which  the  transfer  of 
pMMls  from  one  i>art  of  the  Dock  to  {mother  might  be 
ctTected  with  the  greatest  ease  and  in  the  least  possible 
time.  Rut  this  too  was  disregjirded.  Labour-saving 
pnMosses  were  not  then  valued  as  they  now  are.  The 
applicjition  and  uses  of  machinery  were  as  yet  imper- 
ft-rtly  un<ler«t<Kxl,  and  there  were  in  most  quarters 
jMiwerful  prejudices  to  be  overcome  before  it  could  be 
intHMlucMNl.  To  this  day  the  go(xls  in  the  London  Docks 
an*  hauled  in  trollies,  waggons,  or  hand-barrows  fi'om 
ship   to   ship,    or    from   the   vessels   to   the    res})ective 
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bonded  wareliouses ;  and  it  still  remains  matter  of  sur- 
prise that  a  system  so  clumsy,  so  wasteful  of  time,  so 
obstructive  to  rapid  loading  and  unloading  in  dock, 
should  be  permitted  to  continue. 

Shortly  after  these  works  were  set  on  foot,  and  when 
the  great  importance  and  economy  of  floatmg  docks 
began  to  be  recognised  by  conunercial  men,  another 
project  of  a  similar  character  was  started,  to  provide 
accommodation  exclusively  for  vessels  of  the  East  India 
(^ompany,  of  from  1000  to  1800  tons  burden.  A  com- 
pany was  formed  for  the  j^urpose,  and  an  Act  was 
obtained  in  1803,  the  site  selected  being  immediately 
to  the  west  of  the  river  Lea,  at  the  point  at  w^hich  it 
enters  the  Tliames,  and  where  at  that  time  there  were 
two  small  floating  basins  or  docks,  provided  with  wooden 
locks,  and  surrounded  with  wooden  walls,  called  the 
Brunswick  and  Perry's  Docks.  These  it  was  determined 
to  purchase  and  include  in  the  projDOsed  new  docks,  of 
which,  however,  they  fonned  but  a  small  part.  Mr. 
Rennie  and  Mr.  Ralph  Walker  were  associated  as  engi- 
neers in  carrying  the  works  into  execution,  and  they 
were  finished  and  opened  for  business  on  the  4th  of 
August,  1806.  They  consisted  of  an  entrance  lock  into 
the  Thames  210  feet  long  and  47  feet  wide,  with  the  cill 
laid  7  feet  below  low  water  of  spring  tides.  This  lock 
is  connected  with  a  triangular  entrance  basin,  covering 
a  space  of  4.i  acres,  on  the  west  side  of  wliich  it  com- 
municates by  a  lock  with  a  dock  expressly  provided  for 
vessels  outward  bound,  called  the  Export  Dock,  760 
feet  long  and  403  feet  wide,  covering  a  surface  of  8J 
acres.  At  the  north  end  of  the  entrance  basin  is  the 
Import  Dock,  1410  feet  long  and  403  feet  wide,  covering 
a  sui'face  of  1S|  acies.  The  depth  of  these  basins  is 
22  feet  below  high  water  of  ordinary  spring  tides. 
The  total  surface  of  dock  room,  including  quays,  sheds, 
and  warehouses,  is  about  55  acres.  The  original  capital 
of  the  East  India  Dock  Company  was  660,000/, ;  but 
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Mr.  Rennie  constructed  and  completed  the  Docks  for 
a  sum  considerably  within  that  amount.  Eventually 
tliey  were  united  to  the  West  India  Docks,  under  the 
joint  directorate   of  the   East  and  West  India   Dock 


KIj\N  of  EA3T  AND  WEST  INDIA   DOCKS. 


Company.'  Mr.  Rennie  also  introduced  into  these 
Docks  many  improved  methods  of  working ;  his  ma- 
(*hinerv,  invented  by  him  for  transporting  immense 
blocks  (^f  mahogany  by  a  system  of  railways  and  loco- 
motive cranes,  having,  in  the  first  six  months,  effected  a 
saving  in  men's  wages  more  than  sufficient  to  defray 


*  Aiiioiig  the  improvement  OAioptetl 
l>y  Mr.  Kriinic  in  these  dockH  may  be 
ini-ntii»neil  the  ('mplf)yment  of  ca»t 
inm,  then  an  altogether  novel  expc- 
•  ii«iit,  Utr  the  itiofinj:  of  the  Hheiis. 
«>ne  of  tlu-jw,  en-cte^l  by  him  in  1813, 
w:u.  l»n)  feet  long '  and  i^  feet 
<>  iiK'hes  in  Kfian,  KUp{torte<l  on  cast 
in>n  o>lumnH  7^  inches  in  diametor  at 
Ia4t4>m  and  5]  at  top.  Another, 
Mil!  nK»n?  cai«u.*iou8,  of  54  feet 
rli-sir  h|<in  lietween  the  HUpiKirta,  was 
en^-t^^l  by  him  over  the  mahogany 
man'h<»nMit  in  1H17.  He  also  intn)- 
duc«"«i  an  entin»ly  new  description  of 


iron  cranes,  first  employing  wheel- 
work  in  connection  with  them,  by 
which  they  workc*!  much  more  easily 
and  at  a  great  increase  of  )X)wcr. 
He  entirely  ne-arran^  the  working 
of  the  mahogany  sheds,  greatly  to  the 
de8))Atch  of  InisinesH  and  the  economy 
of  lalxmr.  HiH  quick  observation  en- 
abletl  him  to  iK>int  out  new  and  im- 
provttl  methods  of  desitttching  work, 
even  to  those  who  were  daily  occu- 
pied in  the  docks,  but  whose  eyes 
hail  prolxibly  become  familiar  with 
their  hurry-scurry  and  confusion. 
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their  entire  orij^inal  cost,  besides  tlie  increased  exj)edi- 
tion  in  the  conduct  of  the  whole  Dock  business. 

Some  of  -Mr.  Rennie's  harhour  works  at  other  places 
were  of  considerable  maj^itude  and  importance  ;  the 
fjrowing  trade  of  the  countrv'  leading  to  his  frequent 
employment  in  constructing  new  liarbours  or  extending 
and  imjnoving  old  ones.  In  almost  every  instiince  he 
liad  tlie  greatest  i)0ssible  difficulty  in  inducing  the  per- 
sons locally  interested  to  provide  harbour  space  suffi- 
ciently extensive  as  well  as  secure.  When  asked  to 
give  his  advice  on  such  questions,  he  began  with  making 
numerous  practiciil  inquiries  on  the  spot;  he  surveyeil 
the  adjacent  coast,  took  soundings  all  roimd  the  proposed 
harbourage,  noted  the  set  of  the  currents,  the  direction 
of  the  prevailing  winds,  the  force  and  action  of  the  land 
streams,  and  the  oj)erations  of  the  scour  of  the  tides  upon 
the  shore.  lie  also  inquired  into  the  trade  to  be  accom- 
modated, the  probability  of  its  expansion  or  otherwise, 
and  pre])ared  his  j^lans  accordingly.  Writing  to  Mr. 
Foster,  of  Liverpool,  in  1810,  he  said,  "It  seems  to  me 
that  your  merchants  are  much  less  liberal  in  their  ideas 
than  is  generally  supposed.  The  account  you  give  me 
furnishes  another  strong  proof  of  the  necessity  of  en- 
larging yoiu-  scale  of  docks."  Adverting  to  another 
scheme  on  which  he  had  been  consulted,  he  added,  "It 
is  my  intention  to  impress  upon  the  minds  of  the  pro- 
moters the  necessity  for  a  much  larger  scale  of  docks 
than  is  pro])ose<l ;  and  though  they  may  blame  me  now, 
they  will  tliank  me  afterwards ;  as  larger  accommodation 
will  not  only  afford  great  and  immediate  relief  to  the 
shipping  now,  but  will  stive  the  expenditure  of  much 
money  hereafter." 

As  early  as  1703  he  was  employed  by  the  Commis- 
sioners of  British  Fisheries  to  report  as  to  the  best 
moans  of  improving  the  liarbour  of  Wick, — the  only 
haven  (!apal)le  of  affording  shelter  for  ships,  in  certain 
stiites  of  tlie  wind,  whicli  was   to  be  found  along  an 
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extent  of  120  miles  of  rock-bound  coast.  In  his 
masterly  report  he  boldly  proposed  to  abandon  the  old 
system  of  jetties,  and  to  make  an  entirely  new  harbom* 
beyond  the  bar ;  thus  at  once  getting  rid  of  this  great 
and  dangerous  obstacle  to  improvement,  securing  at  the 
same  time  greater  depth  of  water,  better  shelter,  and 
the  means  of  easier  access  and  departure  for  vessels  of 
all  burdens.  In  order  to  accommodate  the  trade  of 
Wick,  he  recommended  that  a  canal  should  be  made 
from  the  new  harbom*,  having  a  basin  at  its  termina- 
tion in  the  town,  where  vessels  would  be  enabled  to 
float,  and  to  load  and  unload  at  all  times.  He  also 
pro|)osed  an  effective  plan  of  sluicing,  with  the  view 
of  scouring  the  outer  harbour  when  necessary.  It 
is  much  to  be  regretted  that  this  plan  was  not  carried 
out,  and  that  so  important  a  national  work  has  been 
postponed  almost  until  our  own  day;  nor  does  the 
plan  since  adopted,  though  exceedingly  costly,  seem 
calculated  to  secure  the  objects  which  would  have  been 
obtiiined  by  executing  Mr.  Rennie's  more  comprehensive 
yet  much  more  economical  design.  He  was  consulted 
al>out  the  same  time  respecting  the  improvement  of  the 
harlx)ur  of  Aberdeen ;  but  though  want  of  means  then 
prevented  his  recommendations  from  being  acted  on,  his 
re}H)rt  *  produced  a  salutiiry  effect  in  pointing  out  the 
true  mo<le  of  dealing  with  a  difficult  subject,  and  most 
of  his  suggestions  liave  since  been  carried  out  by  other 
engineers. 

Of  still  greater  importance  w^as  his  report  on  the 
improvement  of  the  navigation  of  the  river  Clyde,  for 
the  aocomnKKlation  of  the  mpidly  increasing  trade  of 
Gl.'isgow.  Perhaps  in  no  river  have  the  alterations 
executed  after  well-devised  plans  been  more  extraor- 
dinary than  in  this.  Less  than  a  century  ago,  the  Clyde 
at  Glasgow  was  accessible  only  to  herring-boats,  whereas 

'  Sv  Sir  John  HciinieH  *  Hritiiih  niul  Furcigu  Harlwun*;'  Art.  Abenlwii. 
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now  it  floats  down  with  every  tide  vessels  of  thousands 
of  tons  burden,  capable  of  wrestUng  with  tlie  storms  of 
tlie  Atlantic.  Watt,  Smeaton,  and  Golbome  had  been 
consulted  at  different  times,  and  various  improvements 
were  suggested  by  them.  Watt  laid  out  a  ship-canal 
from  Glasgow  to  the  sea.  Smeaton  proposed  to  con- 
struct a  dam  and  lock  at  Marlin  Ford,  so  as  to  allow 
vessels  drawing  only  four  feet  of  water  to  pass  up  to 
the  quay  at  the  Broomielaw.  The  clearing  out  of  the 
channel  by  artificial  means  was,  however,  fomid  the  most 
effectual  method  of  opening  up  the  navigation  of  the 
river,  and  at  length  all  other  plans  gave  way  to  this. 
Golborne  had  run  out  jetties  at  various  points,  by  which 
the  scoiH'  of  the  tide  had  been  so  directed  that  consider- 
ably greater  dej)th  had  been  secured.  Mr.  Rennie 
examined  the  entire  river  below  Glasgow  in  1799,  and 
the  result  was  his  elaborate  report  of  that  year.  He 
recommended  numerous  additions  to  the  jetties,  as  well 
as  many  improvements  in  their  direction.  He  also 
advised  that  a  system  of  dredging  should  be  com- 
menced, which  was  attended  with  the  best  possible 
results  ;  and  the  same  course  having  been  followed  by 
succeeding  engineers,  the  Clyde  has  now  become  one  of 
the  busiest  navigable  thoroughfares  in  the  world.  The 
plan  which  he  shortly  after  prepared  and  submitted  of 
a  range  of  commodious  docks  along  both  banks  of  the 
river  at  the  Broomielaw,  showed  his  sagacity  and  fore- 
sight in  an  eminent  degree ;  but  unhappily  it  wa«  con- 
sidered too  bold,  and  perhaps  too  costly,  and  was  not 
carried  out.^ 

'  Mr.  Uvium  \nv\  cjschI  to  I'omi  two  lenj^h  of  quayage  of  G120  feet^  braklof 

(locks  on  the  Bi(H)iiiielaw  side  of  the  I    a   river    quay   wall  1150   feet  Iobj;. 

river— one  1350   feet   lonj^  and  IGO  !    Tliis  luaj^iificent  plan,  propoecd  naon? 

feet   wide,  with  two  ent ranees,   and  than  half  a  century  BJnoe,  viewed  ly 

another  \HX)  feet   lung  and  200  feet  the  ex iH?rience  of  this  day,  shows  how 

wide;    with  a  third  dock  uj  on  the  clearly  Kennie  anticipated  the  com- 

Windniill  Croft,  on  the  south  side  of  niercial  growth    and    manufacturing 

the  river,  800  feet  long  and  liOO  feet  >    i)rosi)erity  of  Glasgow,  for  which  these 

wi«le:    the  wjjole  presenting  a  total  projecteil  docks  would  have  afibidol 
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At  tlie  <)i>i)ositi»  end  of  the  island  he  was  consulted  (in 
170())  as  to  the  best  method  of  improving  the  harbour 
of  Torba\%  and  submitted  a  series  of  able  plans,  only  a 
Hinall  part  of  whicli  were  carried  into  effect.  Shortly 
after  (in  1797)  we  find  him  ins|)ecting  the  sluicing 
arningements  of  the  harbour  then  under  construction  at 
Grimsby,  when  he  furnished  a  plan  of  the  great  lock 
which  it  wiis  necessary  to  place  at  the  entrance  of  the 
c;uial  leading  to  the  dock,  and  which  was  in  his  opinion 
indisjK»ns;il)le  for  scouring  the  harbour  entrance  and 
keeping  it  clear  of  silt.  This  hxjk  was  executed  according 
to  his  plans  by  the  local  engineer;  but  it  appeared  that 
sufficient  precautions  had  not  been  tiiken  in  founding  and 
projH)rtioning  the  dimensions  of  the  retaining  walls,  on 
which  Mr.  Uennie  had  not  been  requested  to  give  an 
opinion,  the  work  appearing  to  he  of  so  simple  and 
ordinary  a  character.  But  shortly  after  the  building 
was  l>egun,  a  considerable  portion  gave  way,  and  he 
\v;is  again  sent  for  to  inquire  and  rejiort  as  to  the  cause 
of  the  failure,  lie  found  that  the  defect  lay  in  the 
nature  of  the  ground  on  which  the  foundation  was  built, 
wliifh  was  so  soft  that  it  would  not  bear  the  weight  of 
S4>lid  walls  of  the  ordinary  construction.  Always  ready 
with  an  e.\|K*dient  in  meet  a  diflficulty,  he  directed  that, 
without  <liminishing  the  (piantity  of  material  employed, 
it  should  hv  distril)uted  c»ver  a  greater  base,  for  the 
puriK>s4.»  of  S4»curing  a  larger  bearing  surface.  With 
this  obje(*t  he  [)repared  his  [)lan  of  the  requisite 
f<tructure,  adopting  the  ex})edient  of  /follow  icalls^  which 
he  afterwards  employed  so  extensively  in  his  pier  and 
harlxHir  works.     They  nc»t  only  bore  u|)on  a  larger  base. 


.»ni|4«'    A<t^»tnni(jilntioii,    iit    an   i-nti-  IiIm  ul«i,  and  provitle  <Ujck  acconinio- 

Tiui!*'<i  fupital  c*m\  (at   the  tim«'    i\\v  «lation    tor    \\w    tnulu   of  the   Cly«lf, 

|!ait«i   w«r«*   iiiiwl*')  «»f  only   L'K),<XH>/.  whicli  is  now  quite  jlh  inucli  n^-^ilwl 

What   wi'iiM   iH>t  <fbiH^)W  tcivc  now  a.s  tin*  siinic  kin<l  of  acxxiininmlation 

♦..  !ui\«-  tlii"  Inn*  tit  of  Hfnnif*H  ilocks?  waK  in  the  'riianifs  at  tht*  U-^innin^ 

Ir^W^'l   It   i?*  niiuirkaMi'  that,  to  this  of  the  pn-j^-nt  century. 
.^»%,  •*•  littir  ha.*  Ui  II  <ion«'  t«»  rnili/e 
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but  wore  found  even  stronger  than  solid  walls  con- 
taining an  eqnal  quantity  of  material,  and  those  at 
Gnnisl)y  have  stood  film  until  the  present  day.  The 
contrivance  was  thought  so  valuable,  that  some  years 
after  Mr.  Jlennie  liad  invented  it,  Su*  Samuel  Bentham 
(in  1811)  took  out  a  patent  for  the  plan;  but  of  this 
Mr.  Itennie  took  no  notice,  having  liimself,  as  we  have 
seen,  been  the  original  inventor  of  the  process.  Indedl, 
liis  attention  had  long  before  this  time  been  directed 
to  the  best  form  of  walls  for  resisting  the  ])ressui"e 
of  water;  and,  as  early  as  the  year  1793,  we  find  biin 
reconinien<ling  the  adoption  of  curved  walls,  in  place  of 
tlie  incHned  straigl it-faced  walls  w^ith  peri)endicular  kick 
formerly  adopted.* 

Anotlier  imjiortant  harbour  on  which  Mr.  Renuie 
was  early  employed  was  that  of  Holyhead,  situateil  at 
the  point  of  the  island  of  Anglesea  nearest  to  the  Irish 
capit^d.  Although  so  conveniently  placed  for  pin-ix>ses 
of  eml)arkation,  everything  had  as  yet  been  left  to 
nature,  which  ha<l  only  provided  plenty  of  deep  water 
and  many  bold  rocks.  But  Holyhead  had  neither  pier 
nor  jetty,  nor  any  convenience  whatever  adapting  it  for 
liarbour  uses.  Besides,  the  place  was  almost  iuacc^essible 
from  iidand  by  reason  of  narrow,  rugged,  and  in  many 
places  almost  j)rccipitous  roads.     The  dangerous  ferries 

»  Tin'  txicas.oii  on  wliii^h  this  plan  :   Wh}u  cxccuUhI  aoconling  to  ctmtract. 

was  fiiht  rr<'MnmHnili'«l   was  in   Mr.  ^    Tlie  R'|iort  statcil :  "  The  alxivc  walU 

luimir's  n'pMt  (ITi'.'O  <•!»  ^'»<- lJiif^'l«i-  !   8l">»W  be  eiilarjietl  in  their  diiiuii- 

sf)ii   Iirnl-^c  across  the  C/lydr.     Tliat  sioiis  ami  altoriil  iu  their  cuustnii'tiuu; 

l.ii<l_:«',  «Tri't«'il  l»y  aii«»tlirr  fimiiurr,  tlicy  ou^ht  to  bo  carried  at  leant  tu 

ti'll  <ltiwn  on  tlif  iriiioval  lA'  i\w  rcn-  tlu*  level  of  the  river  Iwd,  and  luade 

til's,  Oh  wliicli  Mr.  I  {clinic  was  sent  five  feet  thick  at  the  liaae  next  tu  the 

li.r,  yn>\   liMhtc,  l»y  tlic  lA»r<l  Proviwl  bri  Ij^e,  and  four  fwt  thick  at  the  to|s 

and  niaui^t rates  ol"  (ila>i:ow  to  confer  Inittering  one-fif^h  of  their  heiglit  in 

with   ilicni  on  the  suhji«-t ;    aii«l  his  a  curvilintur  form^  the  beds  of  the 

advi«'«'   as   to   the   rehulMin;;  of   tlie  Htoncs  being  nK/icifetJ  to  tAe  onvirr  q^ 

bridge  on   another   site    was   sul»se-  tht.  rinix ;  av  the  height  lewcna,  the 

(puntly  a'li'itt.il.     It  a|.]M'areiU  from  diinensioua  of  the  walk  may  be  dimi- 

an  in.Npection  of  the  mined  ])iers,  that  |    nishetl  in  the  Hame  pioportioii,  autl, 

a  hreasi  or  ijnay  wall  hail  Ken  built  '    if  biiiU  as  above  (leHcribed,  1  have  no 

on  the  south  >i<ie  of  the  ri\<-r,  and  to  doubt   of    the  works    being  ]ienna- 

the  WrM  ol  the  hridin',  which  hail  not  nent  " 
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at  Conway  and  Menai  also  presented  serious  obstacles 
to  travelling  by  that  route  ;  and  hence  the  port  of  Liver- 
lx)ol,  and  Park  Gate  on  the  Dee  near  Chester,  continued 
to  be  the  principal  places  of  embarkation  for  persons 
proceeding  to  Ireland,  until  the  beginning  of  the  present 
century.  When  the  Act  of  Union  was  passed,  the 
Government  detennined  to  bring  the  two  coimtries  into 
closer  communication  with  each  other ;  first  by  means  of 
convenient  roads  through  North  Wales,  and  next  by 
capacious  harbours  at  Holyhead  on  the  one  coast  and  at 
Kingsto\\ni  on  the  other.  In  the  year  1802  Mr.  Rennie 
was  re(|uested  to  rei)ort  upon  the  subject,  and  he  pro- 
ceede<l  to  Wales  for  the  purpose  of  examining  the 
Conway  and  Menai  ferries,  and  the  capabilities  of  Holy- 
head as  a  port.  It  was  on  that  occasion  that  he 
recommended  the  construction  of  the  permanent  fixed 
bridges  across  both  Straits  after  the  plans  which  we 
have  above  referred  to ;  but  nothing  was  done  towards 
ciinying  out  his  suggestions,  and  the  whole  question 
slept  until  the  year  1809,  when  he  was  requested  by 
the  Goveniment  to  prepare  plans  of  a  harbour  at  Holy- 
head, as  the  first  step  towards  the  desired  improvement ; 
and  his  design  having  been  approved,  the  works  were 
l)Ogun  in  the  following  year. 

The  form  of  the  harbour  of  Holyhead  has  been 
dctcninned,  in  a  gieat  measure,  by  the  cliffs  wliich 
tht*re  overhang  the  sea,  and  on  the  verge  of  wdnch 
stand  the  ancient  church  and  cemetery  of  the  place. 
The  works  designed  l)v  Mr.  Rennie  consisted  of  a  pier 
1  ir»0  feet  long,  extending  in  a  direction  nearly  due  east 
fr<^nn  the  inner  side  of  Salt  Island,  which  is  separated 
by  a  narrow  channel  from  the  main  island  of  Holyhead. 
The  pier  tenninated  at  a  depth  of  about  14  feet  at  low 
water  of  spring  tides.  At  80  feet  distant  from  the 
extremity  of  the  main  pier  there  was  a  jetty  GO  feet 
hmg,  cjtrried  out  at  right  angles  to  it«  inner  face, 
to    cheek    any    swell    which    might    come    round    the 

VOL.  If.  p 
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pier-head  from  entering  the  harbour,  and  to  throw  it 
upon  the  oj^posite  sliore.  The  roadway  was  50  feet 
wide,  and  8  feet  above  tlie  level  of  high  water  of  spring 
tides,  the  parapet  being  7  feet  liigher.  Tlie  outer  or  sea 
side  of  the  pier  was  formed  by  a  flat  paved  slope  of 
rougli  stone,  laid  at  an  incHnation  of  5  to  1.  The  quay- 
wall  was  curved  on  the  face  one-fifth  of  the  height ;  the 
thickness  of  the  masonry  being  10  feet  upon  the  aver- 
age, strengthened  at  the  back  by  strong  counterfoots, 


at  the  regular  ih'stance  of  If)  feet  apart.  The  founda- 
tion of  this  w^dl  was  laid  below  low  water  by  means  of 
long  stones,  incHned  to  each  other,  in  the  siime  manner 
as  at  llowth  Harbour,  where  the  plan  had  been  found 
to  answer  remarkably  well.  The  centre  of  the  pier 
was  composed  of  loose  rubble,  taken  from  the  adjacent 
shore,  packed  sohdly ;  the  outwde  being  paved  with 
large  angular  blocks  vaiying  from  one  to  ten  tons  in 
weight,  well  wedged  together.  The  inside  of  the  parapet 
was  l>uilt  of  solid  masonry.     The  pier-hesid  and  jetty 
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were  founded  below  low  w^ater  by  means  of  the  diving- 
l)ell.  The  works  were  begim  in  1810  and  finished  in 
1824,  and  during  their  progress  a  small  pier  was  run 
out  from  the  Pibeo  rock  on  the  opposite  shore,  550  feet 
long,  leaving  an  opening  between  it  and  the  main  pier 
of  420  feet.  This  pier  was  provided  with  a  jetty  on  the 
inside,  similar  to  that  on  the  main  pier,  composed  of  the 
same  kind  of  materials,  and  finished  in  like  manner. 
Within  it  was  a  small  dry  dock  for  merchant  vessels. 


The  total  low-water  space  covered  by  these  two  piers 
wa8  al»out  six  acres;  but  there  was  more  than  double 
tliat  areji  at  high  water,  Ixjsides  a  large  shallow  si>jice  of 
al>out  thirty  acres  for  timl)er. 

In  fi»nfonaity  witli  his  usual  practice,  Mr.  Kennic  so 
lairl  out  this  harlxnir  as  to  Ix?  capable  of  extension,  on 
the  ssmie  [)rinciple8,  according  as  the  tirade  of  the  port 
might  require.  Part  of  his  original  design  was  to 
devote  a  large  space  in  the  iimer  [)ortion  of  the  bay, 
whicli   is  drv  at   low  water,  to  a  wet  d(X!k  of  23  acres. 

V  2 
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Ilud  this  been  carried  out,  it  would  have  proved  of 
immense  advantnj^e  to  tlie  numerous  Innd-boimd  vessels 
wliich  hav(^  occasion  to  put  into  the  port.  His  original 
plan  also  contemjJated  a  pier  extending  from  the  outer 
end  of  Salt  Island,  parallel  to  the  one  above  described, 
1500  feet  lon<»:,  tenuinating  at  a  depth  of  25  feet  at  low 
water;  and  as  it  would  have  been  about  1400  feet 
distant  from  the  other,  and  was  to  he  provided  with  a 
jetty  at  right  angles  to  its  extremity,  it  would  have  pro- 
vided an  additional  low-water  harlx)m'of  40  acres.  The 
estimated  cost  of  this  work  was  240,000/, ;  and  if  to 
this  be  added  the  probable  outlay  on  the  additional 
wet  d(^ck  above  mentioned  of  124,000/.,  it  will  l)e 
foiuid  that  a  total  low-water  space  of  46  acres,  and  an 
additional  tidal  s})ace  of  25  acres,  together  with  a  wet 
dock  of  2,*]  acres,  or  a  total  floating  area  of  about  94 
acres,  with  an  ample  extent  of  quay  accommodation,  suf- 
ficient for  any  amount  of  packet  or  general  commercial 
business,  would  have  been  provided  at  a  comparatively 
moderate  expenditure.  Unhappily  Mr,  Eennie's  plans 
were  not  carried  out ;  and  though  his  original  design 
admirably  answered  the  purpose  intended,  and  the  whole 
of  the  packet  service  was  satisfactorily  performed  at  the 
old  port  for  many  years,  when  an  extension  of  Holyhead 
Harbour  was  determined  uix)n,  the  Government  (after 
Mr.  Kennie's  death)  employed  an  engineer  who  pro- 
ceeded upon  an  entirely  new  plan,  the  execution  of 
wliich,  when  com])leted,  will  probably  cost  upwards  of 
two  millions  sterling;  and,  after  all,  when  the  rocky 
and  bad  nature  of  the  holding-gi'ound  within  it  is  taken 
into  accoTuit,^  its  security  and  convenience  are  still 
matters  of  considerable  doubt  amongst  naval  men. 

During  the  period  in  which  he  was  engaged  in  carry- 
ing out   the  works  at  Holyhead,   Mr.  Reunie  was  also 


*  It  will  1h'  ivniriiiU'ntl  that  the 
(irntf  huslirn  was  marly  wnrkc*!  in 
c»»us«.*iim'nc'oof  thr  Knl  lioMin^^-grouiul 


within  tlio  now  harbour  in  tlio  vmr 
185'.). 
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(M^iiHtnicting  harbours  at  Howtli  and  Kingstown,  with 
the  same  object  of  faeihtating  the  communication  be- 
tween the  ports  of  England  and  Ireland.  Howth  Har- 
bour was  opened  for  packets  in  1819,  previous  to  which 
time  they  had  sailed  from  the  Pigeon  House,  at  the 
mouth  of  the  Liffey,  in  Dublin  Bay.  When  the  piei^s 
at  Kingstown  Harbour  were  sufficiently  advanced  to  be 
available  for  the  service,  the  packets  were  removed 
to  that  port,  tlie  depth  of  water  being  greater,  and  the 
situation  on  the  whole  more  convenient.* 

Among  the  other  harbour  works  constructed  by  Mr. 
Kennie  in  England,  were  the  Hull  Docks.  These  were 
<»f  great  importance,  and  urgently  needed  for  the  accom- 
modation of  the  large  trade  of  that  rising  port.  What 
is  cjilled  tJie  Humber  Dock  was  begun  in  1803  and 
finislied  in  1809.^  The  principal  difficulty  encountered 
in  the  execution  of  these  works  was  in  getting  in  the 
foundations  of  the  dock  walls — the  bottom  presenting 
a  great  depth  of  soft  mud.  They  were  set  on  timber 
piles  and  platforms  well  bound  together,  with  truncated 
arches  of  stone  over  them.  A  powerful  steam-engine 
wiis  employed  to  draw  the  water  from  the  coftbr-dam  in 
fiont  of  the  Humber  entrance,  to  enable  the  foundations 
of  tlie  cill  to  be  got  in,  and  the  lock  gates  (which  were 


*  Mr.  lu'imic*!*  plan  uf  Kiiii^stuwii 
HarK'ur  ojiiHist<il  uf  two  \nvni  of  four 
arm-*  rarli,  nirriiil  out  t'nmi  tlie  sliore 
l\1tn)  i«vt  <listaiit  from  each  other, 
thrir  h«':phs  iiicliiuti  inwanls  at  an 
aiiizle  ut  VS2  (Iciinx^,  an«l  terminatin;^ 
III  a  «h'|»th  of  'J<)  feet  at  low  water  of 
.Hpriiti!  tnU'H.  The  wi«lth  Wtween  the 
<<ut«  r  aii*:les  of  the  two  out^T  arms  of 
tlie  J  i<r  wa,s  ll'A)  feet,  the  entrance 
I-iiitmu'  N.K.  }  K.  Tlie  total  sjiace 
encl«»s«'«l  w;w  'jr»0  acres.  The  works 
Wire  «*<'mmenctHl  in  1817,  the  lirst 
Ktofif  ln-inii  Liiil  by  the  Earl  of  Whit- 
v^orth,  the  I>jnl  Lieutenant;  and  the 
wurks  were  still  in  jm^^reHH  at  Mr. 
Iteiinie's  <ieath  in  18'21.  The  har- 
\»jut    sul*rqucntly    fell     under    the 


juris^liction  of  the  lk)ard  of  Irish 
Works,  and  all  sorts  of  new  plans 
were  {uloj)teil  at  variance  with  the 
original  design  of  Mr.  Hennie,  in 
carrying  out  which  it  is  to  Ix?  feared 
that  the  harbour  haa  been  seriously 
injure<l. 

2  This  dock  is  900  feet  long  by  370 
wide.  It  covers  a  surface  of  7 J  acres, 
and  is  caj>able  of  holding  alxnit  seventy 
sail  of  square-riggwl  vessels.  The 
entnince  lock  communicating  with 
the  ti<lal  harlx)ur  o|»ening  into  the 
IIumK'r  is  42  fwt  wide  and  158  feet 
long  between  the  gates,  with  the  cill 
land  fi  feet  below  low  water  of  spring 
tides. 
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of  stout  oak)  to  1)0  fixed.  It  was  in  tlie  course*  of  exoc-m- 
iiifz;  tlio  Hull  Harbour  works  tliat  Mr.  Keimie  inveiiKMl 
the  clre<l;^iug-uiacliinc,  as  it  is  now  used,  for  the  i:nnp>se 
of  clearing  the  basins  of  mud  and  silt.  Various  inisue- 
cessful  attempts  had  before  been  made  to  contrive  an 
a]>i)aratus  with  this  object.  A  series  of  rollei*s,  anneal 
with  spikes  to  rake  up  the  de]X)sit,  followed  by  buckets 
aiul  spoons  to  lift  it  from  the  bottom,  worke<l  by  means 
of  a  waJkin<>'  wheel  between  two  barges,  was  the  most 
common  practice ;  but  it  was  clumsy,  tedious,  and 
inefficient.  Other  machines  for  a  similar  pur])Ose  were 
driven  by  tread-wheels.  At  length  the  idea  was  taken 
up  of  lixing  a  series  of  buckets  to  an  endless  chain, 
workcMl  by  horse  ])ower.  Mr.  Eeimie  carefully  investi- 
gated all  that  had  {n'eviously  been  attempted  in  this 
direction,  and  tlien  })roceeded  to  i^lan  and  construct  a 
comi)lete  dredging-machine,  with  improved  cjist  iron 
machinery,  to  whicli  he  yoked  the  power  of  the  steam- 
engine.  ]le  was  thereby  enabled  to  raise  as  much  as 
»>()()  tons  of  mud  and  gravel  in  a  day  from  a  depth 
of  22  feet  ;  and  tlie  ex])edient  proved  completely  suc- 
cessful. Tlie  same  kind  of  machine  wiis  extensively 
used  by  Mr.  Kennie  in  executing  his  various  harbour 
woiks.  One  of  these,  constructed  for  the  excavation  of 
tlie  PeriT  Dock  at  lilackwall  in  1802,  was  even  fm*- 
nislic'd  witli  a  [)owerful  apparatus  for  s])linteriiijjj  rocks 
and  large  stones  which  could  not  otherwise  be  removed: 
and  it  answered  tlie  ])urpose  most  effectually.  In  the 
('ly(l(\  tlie  Thames,  the  Mersey,  and  the  Witliam,  as 
well  ;is  in  various  foreign  rivers,  the  dredging-niuchine, 
as  conti'iviMl  by  Mi*.  Ilc'unie,  has  been  found  invaluable; 
and  tlicre  is  scarcely  a  port  or  liarbour  in  the  United 
Kingdom  in  which  it  has  not  been  most  beneficially 
employed. 

In  a<l<lition  to  these  <locks  and  harbours,  Mr.  Renuie 
furnished  the  plans  of  the  new  (piays  and  docks  at  Green- 
tM-k  on   the  Clyde  in    I  S02  :  and  those  at  Leitli,  the  j)ort 
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of  Edinburgh,  in  1804.  Neither  of  these  schemes  was 
carried  out  to  the  full  extent,  chiefly  for  want  of 
funds ;  but  the  improvements  efiected  at  the  former  port 
were  considerable,  and  at  Leith  two  large  docks,  1500 
feet  long,  and  two  small  ones,  750  feet  long,  constructed 
along  the  shore  between  the  old  tidal  harbour  and  the 
village  of  Newhaven,  provided  a  large  amount  of  addi- 
tional accommodation  for  the  growing  trade  of  that  port. 
He  was  also  consulted  in  1805  respecting  the  improve- 
ment of  Southampton  ;  and  the  measures  which  he  then 
recoimnended  in  his  elaborate  and  able  report  formed 
the  beginning  of  a  series  of  works  of  ahnost  national 
im|M)rtance.  Mr.  Hennie's  clear-sighted  prognostications 
of  the  future  prosperity  of  the  port — arising  from  its 
great  natural  advantages  in  respect  of  security,  capa- 
bility of  extension,  the  excellent  anchorage  of  South- 
ampton Water,  the  central  situation  of  the  place  on  the 
south  coast,  and  its  moderate  distance  from  London — 
have  been  amply  fulfilled;  its  subsequent  connection 
with  the  capital  by  railway  having  given  an  impulse  to 
its  improvement  and  prosperity  far  beyond  what  even 
his  sagacious  mind  could  at  that  time  have  foreseen.' 


'   It   w<»uKi  occupy  nuicli  K]>ace  to  I  Sidniouth  (1812) ;  IJye,  a  second  re- 

nuiitioii  in  (li  tail  t  la' various  harboiire  |  i>ort  (1813) ;  IMyth  (1814);  IJamsey, 

ill  tin-   Initial  Kiii'^iloni   which   Mr.  '  Isle   of  Man   (1814);    Port    Leven, 

lli'iiiiic  w;ls  eniplovttl  to  examine,  re-  [  Mount's  Bay,ComwalI (1814);  Briilge- 

|«i»rt  u|<>n,  and  improve;  but  the  Tol-  water  (1814);  Whiteliaven   (1814); 

lowin;^    nummary    may    suflicc  : — In  Sciirl)orou*ih    (181(i);    tlie    improve- 


Knjiland,  hv  examine*!  and  r*]  orte<l 
on  Hvf  Harbour  (1801);  Dover 
(lH>*j);    llitstinp^  projccte'<i   harlxjur 


ment  of  the  navigation  of  the  river 
'Jync  (181G);  Yarmouth  (1818); 
Fishcruanl,  Wales  (1810)  ;  Kitlwelly, 


(IHCX;);     licrwick,    where    he    am-    I    Wales     (1820);     and      Sunderland 


HtructiHl  the  tine  pier  at  the  mouth  of 
the  Tweeil,  2740  feet  in  len«^h  (1807) ; 
Man^-ate  Harl*jur  (airrietl  out  1808); 
Livrrpjol  Ikcks,  on  which  he  made 


(1821).  He  also  suggeste<l  "vari- 
ous improvements,  many  of  wliicli 
were  carried  out,  in  tlic  following 
harl)ours   of  Scotland,   liesides   those 


an    elaUmite    re|xjrt   (180U);    North  i    a Ijove  mentioned  : — lx)ch  15uy,  Isle  of 

Surid.rlan.l(180«);Shoreham(18lo);  j    Skye  (1793)  ;  Fort  Mahomack,  near 

Newhaven  (1810);  Harliour  of  Keluj;e  j    Tarbet  Ness  (1703)  ;   Kirkcudbright 

m    the    lH>wiLs,    north    of    Sandown  j    and     Saltcoats    (171)9^;     Craij^iore, 

<iii»tle,  on   which   he  made  a  cjireful  near   IViroughstoness  (1804);    Mont- 

njort  (isrj);   rrince'H  Dock,  Liver-  rose   (1805);     Ayr,    where    the   im- 

p«.l,  of  wljich   he  funiishe*!  the  <le-  provements     rectmimeiule*!    by    him 

"i-i;-*    (l?<12);     Bridlin;:ton    (1812);  were  carrietl  out  (1805) ;   iVterhejwl 
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Ill  liis  hjirbours,  as  in  all  liis  engineering  works,  Mr. 
Reiiuie  proceeded  upon  certain  definite  principles,  wliicli 
he  sought  to  arrive  at  after  a  careful  study  of  the  whole 
suhject.  lie  was  averse  to  all  makeshifts  and  temporary 
expedients.  When  lie  was  asked  to  give  liis  advice  as 
to  the  best  means  of  rendering  a  harbour  efficient,  he 
stated  his  views  fully  and  conscientiously,  holding  no- 
thing in  reserve.  lie  set  forth  the  whole  cost  wliicli  he 
believed  would  be  incurred,  and  no  less.  He  abhorred 
setting  tiaps  in  the  shape  of  low  estimates  to  tempt  men 
to  begin  undertakings  when  he  knew  tliat  they  would  Ih.> 
exceeded.  He  s})oke  out  the  whole  truth.  "  You  want  a 
harbour,"  he  would  sjiy,  "  of  such  sti-ength  as  to  be  sqfi\ 
with  piers  able  to  resist  the  gi'eatest  possible  force  of  the 
sea.  AVell,  here  is  the  plan  I  recommend  :  it  is  the  best 
that  I  can  suggest.  But  I  tell  you  the  whole  cost  wliich 
I  think  will  be  incurred  in  its  construction.  Adopt  the 
plan  or  not,  as  you  think  proper."  He  would  never 
consent  to  reduce  the  strength  of  his  piers  and  retaining 
walls  under  the  limits  which  he  thought  essential  for 
stability.  He  would  not  risk  his  reputation  and  chanicter 
ii})on  slop-work  ;  he  would  rather  lose  his  chance  of  em- 
ployment altogether.  Hence  so  many  of  his  large  but 
elfecti  ve  designs  for  the  improvement  of  our  most  import- 
ant harbours  remained  unexecuted,  or  were  only  carried 
out  to  a  limited  extent,  sometimes  by  engineers  who  had 
iKjt  mastered  the  fundamentiil  prmciples  on  which  his 
plans  were  founded,  and  in  such  a  manner  as  occasionally 
to  lead  to  vast  inconvenience  and  almost  endless  expense. 

In  his  report  on  the  Earl  of  Elgin's  proposed  har- 
bour at  (Charleston,  on  the   north  shore  of  the  Frith 


(IHOd);  Frazcrbiiivli,  rnily  ])artially 
.•jiirir.l(.ut  (IKur.);  Chiuifston  (1807); 
Allca  (ISOS);  St.  Andrew's  (IS()8); 
l*ortiu'ssiK.'k,  (lallowjiy  (ISKi);  Ar- 
aro^sjni  (ISIl  ana  ISIT));  and  lV>rt- 
patrick  (ISll)).     In  like  manner  lio 


followiiij;  Irish  liarlx)ur8: — Wostitort 
(ISOf));  A^lingla^w  (1809);  Dublin 
(1811);  liulbrigjran  HSIH) ;  !>>!»- 
•^luuKv  (iSltJ);  nnd  IWliwt  (1821). 
He  was  als»)  eoiiHultwl  iX'SiH-ctiii};  dry 
(l(>oks  at  Malta  (1815),  and  a  harbiiur 


was  nuiHulti-*!,  and  re]K>rt<Ml,  as  tu  the    '    and  docks  at  Dvrinuda  (1815). 
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of  Forth,  in  the  year  1807,  he  very  clearly  laid  down 
the  broad  principles  on  wliich  he  held  that  such  works 
should  be  designed  :  "  Eveiy  harbour,"  he  said,  "  should 
be  so  constructed  as  to  have  its  mouth  as  much  ex- 
|X)sed  as  possible  to  the  direction  from  whence  vessels 
cjin  most  conveniently  enter  in  stormy  weather  when 
they  are  legist  manageable ;  but  the  Heads  should  be 
made  of  such  a  form  as  to  admit  of  the  least  sea  entering 
it,  or  so  as  to  ocaision  as  little  swell  within  the  haven  as 
jM)ssible.  This  cjuinot  by  any  practicable  construction 
be  tntirely  avoided  ;  but  means  should  be  provided  within 
the  harl)Our  so  as  to  reduce  the  recoil  of  tlie  waves  to  a 
minimum, — for  it  is  the  undertow  or  retiring  sea,  after 
the  breaking  of  a  wave,  that  renders  vessels  most  un- 
manageable by  making  the  helm  lose  its  effect.  At  such 
a  time  the  mariner  is  at  a  loss  what  to  do,  or  how  to 
manage  his  vessel ;  and  for  the  want  of  due  attention  to 
these  particulars  many  of  the  most  considerable  artificial 
harl>ours  in  the  kingdom  are  exceedingly  difficult  of 
access,  and  some  of  them  are  most  unsafe  even  when 
eiituic'd.*'  The  great  point,  he  held,  was  not  only  to 
make  a  harbour  to  keep  out  the  sea,  but  to  do  so  in 
such  a  manner  as  not  to  render  its  entrance  from  the 
must  exjMjsed  or  dangerous  quarter  difficult  in  stormy 
weather,  when  its  shelter  was  most  needed ;  and  while  it 
must  be  so  designed  as  to  afford  a  safe  shelter  for  ship- 
pinir,  it  must  also  be  easy  to  enter  and  easy  to  get 
out  of.^     That  so  many  modern  liarbours,  constructed 


'   From  tlif  lulluwiiij^  brief  ilcscrij)-  |  water  mark.     From  thence  there  was 

ti.»ii  it  will  W  uljs^rveil  how  skilfully  to  be  a  return  bend  about  70  yards 

\\v  r.irTitil  out  tlu'!*'  vicWH  in  laying  ;  long,  in  a  direction  considerably  to  the 

.tit  ilir  iiitondeil  harbour  at  Charles-  |  north  of  cast.     At  50  yards  from  the 

toji.     lb'  ]»roi4js«'<l   to  construct  two  :  extremity  of  this  pier,  another  of  the 

i:r'',a  ]'i«rs,  one  plactil  at  the  western  \  same  length  was  projiosed  to  be  made, 

«  \tn mity  i,i  the  little  inlet,  to  which  1  fonning  an  angle  with  it  of  about  120 

.1   riilway  w:vh  U'in;^  laid  down — the  degrees,  with  two  othtT  kants  similar 

-trai^'jjt  nirt  «'xt<iidiiig  out  wanis  about  '  to  the  former,  and  a  larger  one  ex- 

\'*\  yanU,  hum  which  there  were  to  ti'nding   to   the  shore;    the  entrance 

U   tvvM  kaiii**  of  alxiut  G4  yanls  each,  Ixang  50  yanls  wide,  and  the  outer 

1 1  If*  Lk-it  going  57  yards  below  low-  |  arm  or  kant  of  the  esjst  pier  making 
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at  great  cost,  are  found  comparatively  inaccessible  in 
severe  weather,  is,  we  believe,  to  be  accounted  for 
mainly  by  the  circmnstance  that  they  have  been  laid 
out  after  no  definite  ride  or  principle  whatever.  If  they 
succeed,  it  is  often  the  result  of  a  happy  accident ;  and 
if  they  prove  faihn*es,  it  is  supposed  that  it  could  not 
liave  been  helped.  Even  witliin  the  last  twenty  years 
several  expensive  havens  have  been  consti-ucted,  which 
have  proved  to  be  so  dangerous  that  they  can  scarcely 
be  used.  But  hy  Mr.  Rennie's  fonns  of  piers,  vessels, 
if  they  liave  only  steerage-way,  miu^'t  enter  the  har- 
bour in  sjifety.  They  caiuiot  strike  on  the  pier-heads, 
if  the  most  ordinary  care  be  used,  the  very  recoil 
of  the  waves  forcing  them  forward  into  port;  and, 
as  any  swell  which  might  enter  would  have  ample 
space  to  expend  itself,  the  ship  could  either  be  brought 
iq),  or  take  the  beach  without  damage  if  necessiiry. 
Again,  a  sailing  vessel,  on  leaving  the  harbour,  suj>- 
posing  the  wind  to  be  blowing  right  in,  coidd  lie  out 
upon  either  tack  and  make  an  offing,  if  it  were  prudent 
to  put  to  sea  at  all.  And  although  the  narrowed  distance 
between  the  two  ])ier-lieads  might  be  termed  the  entrance, 


an  an^lo  o(  120  dej^es  with  it,  so  ^vnd  its  fury  ou  the  flat  beach  within 

that  l>oth  the  outer  anus  made  sinii-  aud  soon  l)e<xnne  quiet."  This  might, 

lar  kants  with  each  other.     A  lar*;e  he  added,  be  in  a  great  measure  pre- 

space  would  thus  he  enclosed,  which,  vented  by  extending   the   pier-heads 

he  U'lievcd,  would  make  a  very  com-  further  seaward,  but  which  the  lai^sc 

modious  and  C4ii>aciuus  liarlx»ur.  "  Jiy  additional    exjHjnae    precluded    him 

the  alKjvi^  construction,"  he  sjiys  in  from    recommending;     and,    indciii, 
his  rejort,  "  thouj^h  it  may  seem  that   ■    there  would  alwajrs  beabumlant  shel- 

its  exj'osure  will  admit  of  the  SAvells  ter   for  the   shipping    under  one  or 

from  the  s<»uth  and  s«:>uth-west  gettin*:;  other  of  tlie  pier-heads.     Besides,  as 

into  the  harlx)ur,  yet  wh(;n  it  is  con-  the  Frith  was  only  about  two  miles 

sidered   that  the  anj^le  at  which   a  wide  at  the  pkce,    the   probability 

wave  will  strike  the  lleads  Avill  occa-  was  that  there  would  be   no  such 

sion  a  rel)ound  in  a  similar  angle  to  heavy    si'as    as     to    render    so    ex- 

that  in  which  it  is  struck,  aud  as  this  iK»nsive  a  measure  ueccssanr.      The 

will  be  the  cast^*  from  each  Head,  it  ])lan  was,   however,  carried   out    to 

follows   that    tluse    reflectcnl   waves,  only  a  limited  extent,  and  we  merely 

meeting  each  other,  will   ocaision   a  (]uote   the  rei^rt    for    the    valuable 

resistance  Avhich  will  have  the  etlect  principles  to  be  oliserved  in  the  c«>n- 

of  ]ireventing  a  consiilerahhi  [uirt  of  struction  of  harlwurs,  which  are  here 

tUv  sea-wave  from  entering  the  har-  so  clearly  enunciated. 
Ixiur,  and  what  «lues  enter  it  will  ex- 
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yet  in  effect  it  is  not  so ;  for  the  moment  the  vessel  gets 
within  the  outer  angles  of  the  two  return  arms  or  kants, 
she  may  be  said  to  be  in  or  out  of  the  harbour,  as  the 
case  might  be.  In  this  way  the  fullest  width  of  entrance 
and  the  smallest  space  for  the  admission  of  swell  are 
ingeniously  and  effectually  secured. 

Whilst  occupied  on  the  works  of  the  Ramsgate  Har- 
bour, of  which  he  was  appointed  engineer  in  1807,  Mr. 
Rennie  made  use  of  the  diving-bell  in  a  manner  at  once 
novel  and  ingenious.  It  will  be  remembered  that  Smeaton 
had  employed  this  machine  in  the  operations  connected 
with  the  building  of  the  harbour;*  but  his  apparatus 
l»eiiig  of  wood,  was  exceedingly  clmnsy,  and  very 
limited  in  it«  uses.  In  that  state  Mr.  Rennie  found  it 
when  he  was  employed  to  carry  on  the  extensive  re- 
l^airs  of  1813.  The  east  pier-head  was  gi'adually  giving 
way  and  falling  into  the  sea  at  its  most  advanced  and 
innK»rtant  |x>int.  No  time  was  to  be  lost  in  setting 
idnmi  its  repair ;  but  from  the  peculiarly  exposed  and 
ditticult  nature  of  the  situation,  this  was  no  easy  matter. 
The  depth  at  the  pier-head  was  from  10  to  IG  feet  at 
low  water  of  spring  tides;  besides,  there  was  a  rise  of 
15  fei't  at  spring  and  10  feet  at  neap  tides,  with  a  strong 
current  of  from  two  to  three  knots  an  hour  setting  past 
it  both  on  the  flood  and  Jit  the  ebb.  The  work  was  also 
frecpiently  exp(jsed  to  a  heavy  sea,  as  well  as  to  the  risk 
of  vesM'ls  striking  against  it  on  entering  or  leaving  the 
harbour.  Mr.  Rennie's  first  intention  was  to  surround  the 
pier-hea^l  by  a  dam;  but  the  water  was  too  deep  and 
the  situation  too  ex|>osed  to  admit  of  this  expedient. 
He  then  lx?thought  him  of  employing  the  diving-bell; 
but  in  its  then  state  he  found  it  of  very  little  use.  No 
other  nHxle  of  action,  however,  presenting  itself,  he  turned 
his  attention  to  its  improvement  Jis  the  only  means  of 
p'tting  dowii  to  the  work,  the  necessity  for  repairing 

'  Sw  Ijfc  of  Smeiitoii,  p.  01). 
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which  had  l)ecome  more  urgent  than  ever.  Without  loss 
of  time  he  proceeded  to  design  and  construct  a  bell  of 
c[ist  iron,  about  G  feet  in  height,  4i  feet  wide,  and  6  feet 
long,  having  one  end  rather  thicker  and  heavier  than 
the  other,  that  it  might  sink  lower,  and  thus  enable  the 
exliausted  or  breathed  air  more  readily  to  escai)e.  At 
tlie  top  of  the  boll  eight  solid  bull's-eyes  of  cjist  glass 
were  fixed,  well  secured  and  made  water-tight  by  means 
of  leathern  and  copper  collars  covered  with  white  lead, 
and  finnly  secured  by  cop^xir  screw  bolts.  To  the  top 
of  tlie  inside  were  attached  two  strong  chains  for  tlie 
purj)ose  of  fastening  to  tliem  any  materials  that  might 
be  re(piired  for  tlie  work,  and  flanges  were  cast  along 
the  sides  of  the  bell,  on  which  two  seats  were  placeil, 
with  footboards,  for  the  use  of  the  men  wliile  working. 
In  the  centre  of  tlie  top  was  a  circular  hole,  to  which 
a  brass-screwed  lining  was  finnly  fixed,  and  into  this  a 
brass  nozzle  was  screwed,  having  a  leathern  water-tight 
hose  iastened  to  it,  2i  inches  in  diameter.  The  hose  was 
in  lengths  of  about  8  feet,  with  brass-screwed  nozzles  at 
each  end,  so  that  it  could  be  lengthened  or  shortened  at 
pleasure,  according  to  the  depth  of  water  at  which  the 
men  in  the  bell  were  working.  For  the  purpose  of  duly 
supplying  the  machine  with  air,  a  double  air-pump  was 
])rovided,  which  was  worked  by  a  sufficient  number  of 
men.  The  air-pump  was  connected  with  the  hose  referred 
to,  and  was  either  placed  on  the  platform  above  or  in  a 
boat  which  const^mtly  attended  the  bell  while  under  water. 
Two  stout  wrought  iron  rings  were  fixed  on  the  top  of 
the  machine,  to  which  ropes  or  chains  were  attached  for 
the  pur])0se  of  lowering  or  raising  it.  The  whole  weighed 
about  five  tons ;  and  it  was  attached  to  a  circular  frame- 
work of  timber,  strengthened  by  iron,  erected  over  where 
the  intended  new  circular  })ier-liead  was  to  be  built,  and 
so  fixed  to  a  pivot  near  the  centre  of  tlie  work,  that 
it  was  enabled  easily  to  traverse  its  outer  limits.  On 
the  top  oF  the  framework  was  a  truck,  made  to  move 


Chap.  VII. 


RAMSOATE  HARBOUR. 


221 


backwards  or  forwards  by  means  of  a  rack  on  the 
frame,  and  a  corresponding^  wheel  provided  with  teeth, 
worked  by  a  handle  and  pinion.  On  the  truck  were 
placed  two  powerful  double-purchase  crabs  or  windlasses, 
one  for  workinji^  the  diving-bell  suspended  from  it,  and 
the  other  for  lowering  stone  blocks  or  other  materials 
required  for  carrying  on  the  operations  at  the  bottom  of 
the  sea.      By  these  ingenious  expedients  the  building 
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;i|»paratus  was  so  contrivcfl  as  to  move  all  roimd  the  new 
work,  backwards  and  forwards,  upwards  and  downwards, 
so  that  every  part  of  the  wall  coidd  be  approached  and 
handled  by  the  workmen,  no  matter  at  what  depth,  whilst 
the  engineer  stationed  on  the  pier-head  above  coidd  at  any 
tiiiic  ascertain,  without  descending,  whether  the  builders 
wtre  prrK-eeding  in  the  right  direction,  as  well  as  tlie 
pn'cise  place  at  which  they  were  at  work. 
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Everything  being  in  readiness  for  commencing  opera- 
tions, the  divers  entered  the  bell  and  were  eautioiislv 
lowered  to  the  place  at  which  the  buildmg  was  to 
proceed.  A  code  of  signals  was  established  by  which 
the  workmen  could  indicate,  by  stiiking  the  side  of  the 
bell  a  certain  mmiber  of  strokes  with  a  hammer,  whether 
tliey  wished  it  to  be  moved  upward,  downward,  or  hori- 
zontally ;  and  also  to  signal  for  the  descent  of  materials 
of  any  kind.  By  this  means  they  were  enabled,  wntli 
the  assisbmce  of  the  workmen  above,  to  raise  and  lower, 
and  place  in  tlieir  proper  bed,  stones  of  the  heaviest 
description ;  and  by  repeating  the  process  from  day  to 
day,  and  from  week  to  week,  the  work  was  accomplished 
with  as  much  exactneas  and  almost  as  much  expedition 
under  water  as  though  it  had  been  carried  on  above 
ground. 

Thus  the  entire  repairs  were  completed  by  the  flth 
of  July,  1814;  and  to  commemorate  the  ingenuity  and 
skill  with  which  Mr.  Reiniie  had  overcome  the  extra- 
ordinary difficulties  of  the  midertaking,  the  trustees  of 
the  liarl)our  caused  a  memorial  stone  to  be  fixed  in  the 
centre  of  the  new  pier-head,  bearing  a  bronze  plate,  on 
whicli  were  briefly  recorded  the  facts  above  referred  to, 
and  acknowledging  the  obligation  of  the  trustees  to  their 
engineer.  They  also  presented  him  at  a  public  enter- 
tainment with  a  handsome  piece  of  plate  in  commemora- 
tion of  the  successful  comjiletion  of  the  work.  The 
diving-bell,  as  thus  improved  by  Mr.  Rennie,  has  since 
been  extensively  employed  in  similar  works  ;  and 
although  detached  divers,  with  apparatus  attached  to 
them,  are  made  use  of  in  deep  sea  works,  the  simplieitj*, 
economy,  and  expeditiousness  of  the  plan  invented  by 
Mr.  Rennie,  and  afterwards  improved  by  himself,  con- 
tinue to  recommend  it  for  adoption  in  all  undertakings 
of  a  similar  character. 
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CHAPTER    VIII. 


The  Bell  Rock  LianrHOusE. 


About  eleven  miles  eastward  from  the  mainland  of 
Scotland,  near  the  entrances  to  the  Friths  of  Forth  and 
Tay,  lies  an  extensive  ledge  of  rocks,  which  for  a  long 
time  was  the  terror  of  the  seamen  navigating  that  coast. 
It  is  nearly  two  miles  in  length,  being  the  crest  of  a 
mountain  rising  from  the  sea  bottom,  only  a  small  part 
of  which  is  visible  at  high  wat-er.  This  sunken  reef  was 
a  source  of  such  peril,  that,  as  early  as  the  fourteenth 
century,  the  Abbot  of  Arbroath  caused  a  bell  to  be 
placed  upon  the  principal  rock,  the  swinging  of  which 
by  the  motion  of  the  waves  warned  seamen  of  its  dan- 
gers ;  and  from  this  circumstance  it  came  to  be  called 
the  Hell  Kock.  It  is  affirmed  that  a  notorious  pirate, 
in  order  to  ])lague  the  Abbot,  cut  the  bell  from  the  rock, 
but  was  himself  afterwards  wrecked  on  the  very  spot; 
and  on  this  tradition  Southev  foimded  his  beautiful 
bjilla<l  of  '  Ralph  the  Rover;  ^  ^ 

Nothing  was  done  to  replace  the  bell,  or  to  set  a 
In/acon  u]M>n  the  reef;  and  it  remained  in  it«  dangerous 
state-  the  Eddystone  of  the  northern  seas — until  the 
I  beginning  of  the  present  century,  when  the  increasing 

'  Thf  lolluwiii;;  i8  tilt'  tra<lition  as  raiig  cuntiniuilly,  iK'inj;  moved  by  the 

L'lvm    l>y  an  <»l«l   writer: — "  Jly  the  sea,  pi  viug  notice  to  the  say  lors  of  the 

«ii>t  nf  thf  Inle  o{  May,  twelve  miles  '    danger.     This  bcU  or  clocke  was  put 

frniii   all    hin<i    in   the   German  Sea,  there  by  the  Abbot  of  Aberbrothock, 

Ivi-M  a  iiu-ixt  hidden  rock  called  Inch-  |    and,   being   taken   down   by   a    sca- 

(■ai<*,    ^•er^'   <ianj;erc)U8    to  the   navi-  j    jnrate,  a  yeare  thereafter  he  ^rished 
gatoni,  U^-siuse  it  is  overflowed  every 
tu\v.    It  is  n-jiorted  that,  in  old  times, 
thvTv  was  u|)on  the  said  n>ck  a  bell, 
tixfl   nj«»n  a  tree  or  timber,  which 


u)x>n  the  same  rock,  with  ship  and 
goodes,  by  the  righteous  judgment  of 
God."— St<xldart's  *  Remarks  on  Scot- 
land.' 
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commerce  of  Scotland,  and  the  large  number  of  vessels 
wrecked  there,  had  the  effect  of  directing  pubh'c  attention 
to  the  subject.  As  in  the  case  of  the  Eddystone  reef,  the 
sailors'  fear  of  it  was  such,  that  in  order  to  avoid  its 
dangers,  they  hugged  the  land  so  close  as  very  frequently 
to  run  ashore.^ 

A  Board  of  Commissioners  had  been  appomted,  under 
the  2)owers  of  an  Act  })assed  in  1786,  for  the  purpose  of 
erecting  lighthouses  at  the  most  dangerous  i>art«  of  the 
coast  of  Scotland  ;  and  by  the  end  of  the  centiuy  several 
had  been  built, — one  on  the  Isle  of  May  at  the  enti-anee 
to  the  Frith  of  Forth,  another  on  the  Cumbraes  at  the 
mouth  of  the  Frith  of  Clyde,  and  others  on  rocky  pro- 
montories on  the  eastern  and  western  coasts,  including 
the  Orkneys.  The  lights  exhibited  were  of  a  rude  kind, 
and  consisted  of  coal  fires  in  chauffei*s ;  though,  all  that 
was  needed  being  a  light,  they  probably  answered  their 
purpose,  but  in  a  clumsy  way.  The  most  djingerotis 
reef  of  all,  however,  was  still  left  without  any  protection ; 
and  doubtless  the  delay  in  providing  a  light  upon  the 
Bell  Rock  arose  from  the  great  difliculty  and  expense  of 
erecting  a  suitable  sti'ucture  on  such  a  site. 

In  the  winter  of  1709,  a  temj^est,  memorable  for  its 
violence  and  fatal  effects,  ravaged  tlie  coasts,  and  drove 
from  their  anchors   all  the   ships  l^^ng   in  Yarmouth 


*  Ca]>taiu  IJasil  Ilall  re  lutes  that, 
wlicn  a  lx>y,  he  was  constantly  hear- 
in|4  ol"  v('S.st^ls  gcttin<^  wrecked  through 
fear  of  that  terrible  lU'll  J  Nick,  whicli 
lay  alnmt  ten  lea^us  due  north  ol" 
the  house  in  which  Ik*  was  born — at 


when  the  wiinl  chopped  rouDd  to  the 
nortliward,  as  it  often  did,  these  ovt^r- 
cautious  navigators  were  apt  to  get 
endiayetl  in  a  deej)  bight  to  the  west- 
ward of  Fast-Castle.  If  the  "bifexc 
freshencMi  bt»fore  they  couUl  work  out, 


Dun^lnss,   on  the   Ixirders    of    Kast   j    they  iMiid  dearly  for  their  appreheu- 

hothinn,  not  far  from  the  Ixjld  j)ru-   ]    sions  of  the  Ifell  Rock,  by  driving 

niontoiy  on  which  Fast -Castle  stands,    '    u]^m  Iwlgos  fully  as  8han>,  and  §u 

overhnikini;  the  (lennnn  (>cean;  and    I   ni<»re  extensive  and  inevitable.  Thtit,'* 

he  relates  that  "  shijw  Ixiund  fur  the   j    he  says,  "at  that  time,  from  three  to 

Forth,  in  their  constant  ternjr  of  the 

dangerous  reef,  were  not  e^nitent  with 

^iviii^^  it  tell  c»r  even  twenty  miles  of 

ell>ow-nMim,  but  nnist  needs  ihI^^c  oft'  _ 

a  little  more  to  the  s«)Uth,  so  as  to    |    Travels,'  vol.  i.,   p.  15,  16.      Edio- 

hug  the  shoR>,  in  such  a  wmv  that,    '    burgh,  1S31. 


four,  and  sometimes  half-a-dozen  ves- 
sels us^kI  to  U*  wrecked  every  winter, 
within  a  mile  or  two  of  our  very 
hwr." — *  I'ragmenta  of  Voyages  and 
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Roads.  The  greater  part  were  wrecked  on  the  northern 
coast ;  and  it  was  beHeved  that  many  of  them  might 
have  been  saved,  had  a  Hglit  been  fixed  on  the  Bell 
Rock  to  point  out  the  entmnces  to  the  Friths  of  Forth 
and  Tay.  Among  the  other  lamentable  shipwrecks 
whicli  took  place  on  the  Inchcape  about  the  same  time, 
was  that  of  tlie  York^  a  seventy-four-gun  ship,  which 
went  dowai  with  all  her  crew.  The  reef  was  also  a 
constant  source  of  danger  to  the  shipping  of  Dundee, 
then  rising  in  importance,  as  it  lay  right  in  the  main 
track  of  vessels  making  the  mouth  of  the  Tay  from  the 
(icrnian  Ocean. 

Many  were  tlie  plans  suggested  for  a  lighthouse  on 
the  Bell  Rock.  In  1799  Captain  Brodie  submitted  to 
the  Conunissioners  of  Northern  Lights  his  design  of  a 
cjist  iron  tower,  to  be  supported  on  four  pillars ;  but  it 
was  not  adojitcd.  In  the  mean  time  temporary  beacons 
of  timlier  were  employed;  but  these  rarely  stood  the 
storms  of  a  single  winter;  and  three  successive  struc- 
tures of  this  kind  were  completely  swept  away.  Mr. 
Robert  Stevenson  and  Mr.  Downie  also  proposed  plans 
for  the  considcraticm  of  the  Board  between  1800  and 
iSUl;  but  neitlier  of  them  was  ado})ted.  Considerable 
diversity  of  o|)inion  continuing  to  exist,  the  Commis- 
si! mcrs  dctcnuincd  to  em])lov  Mr.  Rennie  to  examine 
tlic  site  and  report  as  to  the  best  course  to  be  pursued. 
Jlr  accordingly  proceeded  to  Scotland,  and  visited  the 
]iirlic;ii>c  on  the  17th  of  August,  1805,  in  company 
with  Mr.  Hamilton,  one  of  the  Commissioners,  and 
Mr.  Stcvt'iison,  their  surveyor. 

Aft«'r  mature  delil)erati(^n,  he  sent  in  his  report  on 
the  .'JOth  of  December  following.  The  jmrport  of  it 
was,  a  recommendation  to  erect  a  suljstantial  light- 
hnnse  of  stone,  similar  to  that  on  the  Eddystone, 
as  iieing,  in  his  opinion,  the  only  structure  calculated 
to  nn'ft  the  necessities  of  the  case.  He  regarded  a 
woiMlen   building  as  objectionable,  l>ecause  of  the  j>erisli- 

voL.  II.  q 
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able  character  of  the  material,  and  its  liability  to  be 
destroyed  by  fire.  Altlioiigb  it  would  be  ix)ssible  to 
erect  a  lighthouse  of  cast  iron,  its  cost  at  that  time  would 
have  been  e(][ual  to  one  of  stone,  with  which,  in  i)oiiit  of 
durability,  it  was  not  to  be  compared.  "Thave  there- 
fore,'' he  concluded,  "  no  liesitation  in  giving  a  decided 
o})inion  in  favour  of  a  stone  lighthouse."  With  such  ex- 
amples as  the  Tour  de  (^ordouan  near  the  entmiK^e  of  the 
(laronne,  and  the  Eddystone  oif  the  coast  of  Cornwall,  he 
held  that  there  could  be  no  doubt  as  to  tlie  superiority  of 
this  ])lnn  to  any  other  that  could  be  proposed.  Although 
the  Inchcape  was  not  so  long  uncovered  by  the  tide  as 
tlie  Eddystone  rock,  and  there  might  be  greater  delay  in 
getting  in  the  first  four  or  five  courses  of  the  foimdation, 
this  was  only  a  question  of  time ;  and  he  had  no  doubt 
that  this  diiKculty  could  be  overcome,  and  the  whole  struc- 
Uwi)  completed  in  the  space  of  about  four  years.  In  his 
rei)ort  he  further  says  :  "Mr.  Stevenson,  to  whose  merit 
I  am  hap])y  to  bear  testimony,  has  been  indefatigjible  in 
obtaining  information  res])ecting  this  rock,  and  he  has 
madii  a  model  of  a  stone  lighthouse  nearly  resembling 
that  of  the  Eddystone,  in  which  he  has  proposed  various 
ingenious  methods  of  constructing  the  work  by  way  of 
facilitating  the  operations.  I  own,  however,  after  fully 
considering  them,  and  comparing  them  with  the  con- 
struction oF  Mr.  Smeaton — I  mean  in  the  process  of 
l)uil(ling — and  also  reflecting  that  there  are  undoubte«i 
proofs  of  the  stability  of  the  PJddystone,  that  I  am  in- 
clined to  give  the  latter  the  preference;  its  general 
construction,  in  my  o])inion,  rendering  it  as  strong 
as  can  well  be  conceived."  But,  taking  into  aeeoiuit 
that  the  foundation  of  the  proposed  building  hiy  so 
much  lower  in  the  sea,  he  suggested  that  the  cohimn 
should  be  somewhat  higher,  so  that  tlie  eave  of  the  cupola 
sliould  be  alxuit  100  feet  above  the  surface  of  the  rock, 
the  E<l<lystone  being  only  84  feet  6  inches, — though  tliis 
alteration  would   involve  a  somewhat  greater  diameter 
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of  the  base.  He  further  pointed  out  that  the  pillar 
should  be  surrounded  by  such  an  extent  of  rock  as  to 
diminish  the  force  of  the  waves  breaking  at  its  foot. 
He  also  proposed  that  the  floor  of  the  lower  room  of 
the  lighthouse  should  be  50  feet  above  the  level  of  the 
rock,  and  from  thence  to  the  top  of  the  platform  35  feet ; 
making  a  total  height  of  85  feet  to  the  platform  or 
g-a I lerv.  He  recommended  thatargand  lights  should  be 
eini)loyed,  with  parabolic  reflectors;  and  he  suggested 
for  consideration  the  employment  of  carburetted  hydro- 
gen gas,  then  coining  into  extensive  use  for  ligliting 
puriM>ses.  The  cost  of  the  lighthouse,  so  constructed, 
he  estimated  at  about  42,000/. 

The  Commissioners  adopted  Mr.  Rennie's  report, 
and  piT)cueded  to  Parhament  for  the  requisite  powers, 
whicli  were  obtained  in  the  session  of  180G;  after 
which  (on  the  3rd  of  December  following)  they  unani- 
mously appointed  him  the  chief  engineer  for  conduct- 
ing the  work.  At  his  recommendation  Mr.  Stevenson 
was  appointed  the  assistant-engineer  to  superintend  the 
<i|K'rations  on  the  spot,  and  under  him  were  ])laced  two 
able  foremen  superintendents,  Mr.  l^eter  Logan  over  the 
iiias<nis,  ami  Mr.  Francis  Watt  over  the  joiners  employed. 
n|Mni  the  lighthouse.  Mr.  Kennie  was  then  requested  to 
report  further  in  detail,  with  plans  and  specificjitions  of 
the  various  work,  which  he  prepared  and  duly  submitted 
tn  the  IJoard.  In  his  second  report  of  the  26th  December 
following,  he  entered  at  great  length  into  the  description 
of  stone  to  l)e  used  in  the  building,  based  upon  a  per- 
sonal ins])eetion  of  the  quarries  at  Mylnefield  near 
Dundee,  at  Arl»roath,  and  at  Aberdeen;  and  on  his 
recommendation  it  was  determined  to  use  blocks  from 
the  I{ubieslaw  quarry  at  Aberdeen  for  the  outer,  and 
Dundee  stone  for  the  inner  masonry.  He  also  repeated 
his  advice,  that  in  carrying  out  the  work,  the  plan  of 
construction  adopted  by  Smeaton  in  the  building  on  the 
Kddvstone  should  be  mainly  followed;  one  of  the  few 
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deviations  consisting-  in  tlie  substitution  of  dovctaile<l 
pieces  of  stone  for  eliain  bars  in  tlie  joints  both  of  the 
walls  and  tlie  floors.  Tliese  reconnnendations  having 
l)een  adopted,  Mr.  Itennic  was  authorisc^d  to  proceed 
witli  tlie  rc(iuisite  ])rei)a rations  for  the  work;  and,  after 
niakinjL?  all  due  arranp;enients,  and  giving  liis  ix^pre- 
sentative  suitable  instructions,  he  left  the  ]>raoti«d 
operati(^ns  to  be  carrii^d  out  by  him  acconlingly.* 

The  whole  of  the  year  1807  was  occupied  in  con- 
structing the  necessary  vessels  and  in  erecting  the  requi- 
site machinei'v  and  building-shops  at  the  workinjjf  yard 
at  Arbroath,  which  was  fixed  upon  as  the  most  conve- 
nient point  on  the  coast  for  carrying  on  the  hind  ojx^ra- 
tions.  Ir^ouie  ])rogn^ss  had  been  made  at  the  rock  itself. 
where  a  smith's  forge  was  fixed  an<l  a  tempoi*arv  l)eacon 
erected,  whilst  a  tlonting  light,  fitted  np  in  an  old  fishing 
doggi'r,  was  anchored  near  the  reef  until  the  lighthouse 
could  l)e  erected.  Preparations  had  also  been  made  for 
procc(*ding  with  the  foundaticms,  the  necessary  cxcji- 
vation  being  conducted  at  considerable  peril,  in  oon- 
secpience  of  the  violence  of  the  waves  and  the  short 
])criod  during  wliich  the  reef  was  uncovered  during  each 
d:iy.  The  djingcrous  nature  of  the  employment  may  l>e 
illustrated  by  the  Ibllowing  brief  account  of  an  accident 
which  happened  to  the  workmen  on  the  2nd  of  Sejv 
ti'mbei',  before  the  excavation  for  the  first  course  had 
bcH'U  com])leted.  An  additional  numlK>r  of  ma8on8  had 
that  morning  come  olf  from  Arbroath  in  the  tender  of 
ibrty  tons,  named  T/ic  SiHr<rton,  and  having  landed  them 
on  the  rock,  the  vessel  rode  at  sjdvagee,  Avith  a  crosnhead 
made  fast  to  the  lU)ating  buoy.  The  wind  rising,  the 
nuMi  l)cgan  to  be  uneasy  as  to  the  security  of  the  Smea- 
tons   riding-ro])es,  and  a  })arty  went  off  in  a  boat  to 


»  A  <li'tailr.l  ncoiuiiit  of  i\w.  n\){T,\-  '    Ik'll   Hix^k    Lij^hthoiwe.'     By   RoU*rf 

tiniis  wjirt  siltrrwanls   ]»ul)lisluHl    by  SU'Vcnsoii,    (.'ivil    Engineer.       FMiii- 

\hv  jisslstan1-('iiuiiir(M",  in  liis  interest-  bur^li,  1824. 
inu'  unrk  »'ntitl«'<l  *An  Account  of  the 
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exainiue  whether  she  was  all  secure ;  but  before  they 
could  reach  the  vessel's  side  they  found  she  had  already 
gone  adrift,  leaving  the  greater  part  of  tlie  ]nen  upon  the 
reef  in  the  face  of  a  rising  tide.     By  the  time  the  Sinea- 
ton^s  crew  liad  got  her  mainsail  set  and  made  a  tack 
towards  their  companions,  she  liad  drifted  about  three 
miles  to  leeward,  with  both  wind  and  tide  ag^iinst  her, 
and  it  was  clear  that  she  could  not  possibly  make  the 
nx-k  until   long  after  it  had  been  completely  covered. 
There  were  thirty-two  men  in  all  uix)n  the   Inchcape, 
provided  with  but  two  boats,  capable  of  carrying  only 
twenty-four  persons    in    fine  weather.      Mr.  Stevenson 
st»ems  to  have  behaved  with  great  coohiess  and  presence 
of  mind  on  the  occasion,  though  he  confessed  that  of  the 
two  feelings  of  hojKi  and  despair,  the  latter  considerably 
predominated.     Fully  {Kirsuaded  of  the  jXiril  of  the  situa- 
tion, he  kept  his  fears  to  himself,  and  allowed  the  men  to 
continue  engrossed  with  their  occupations  of  boring  and 
excsivating.     After  working  for  three  hours,  the  water 
U'gjiu  to  rise  upon  the  lower  parts  of  the  foundations,'^ 
and  the  men  were  compelled  to  desist.     The  forge  fire 
l>ec;ime  extinguished  ;  the  smith  ceased  from  hammering 
at  his  anvil,  and   the  masons  from   their  hewing  and 
lioring ;  and  when  they  took  uj)  their  tools  to  depart,  and 
Km  iked  around  them,  their  vessel  was  not  to  be  seen,  and 
th«*  third  of  their  boats   had  gone  after   the    Sineaton 
jind  was  diifting  away  in  the  distance !     Not  a  word 
was    uttered ;    but    the    danger  of  their   position    was 
instantly  comprehended  by  all.     They  looked  towards 
their  master  in  silence;  but  the  anxiety  which  had  been 
growing  on  his  mind  for  some  time  had  now  liecome  so 
intensi*,  that  he  was  sjx^echless.     When  he  attempted  to 
sjH*jik,  his  mouth  was  so  parched  that  his  tongue  refused 
uttennice.     Turning  to  one  of  the  jx)ols  on  the  rock,  he 
lai>jK.*d   a  little  water,  which  gave  him  relief,  though  it 
Wits  sjilt  ;  but  what  was  his  happiness  when,  on  raising 
his   head,  some  one  called  out  "A  boat!  a  boat!"  and 
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sure  enough,  ii  large  boat  was  ^en  through  the  haze 
making  for  them.  Slie  proved  to  be  the  Bell  Rock 
[)i  lot-boat,  which  had  come  oflf  from  Arbroath  with  letters, 
and  her  timely  arrival  doubtless  saved  the  lives  of  the 
greater  part  of  the  workmen.  They  were  all  taken  ofl* 
and  landed  in  safety,  though  com])letely  drenched  and 
exhausted. 

Mr.  Eennie,  accomj.ianied  by  his  son  George,  visiteil 
the  rock  on  the  5th  of  October,  1807,  the  day  before  the 
works  were  sus])ended  for  the  winter.  They  caine  off 
from  Arljroath  and  stayed  on  board  the  lighthouse  yacht 
all  night,  where  Mr.  Stevenson  states  that  he  '*  enjoye<l 
nine] I  of  Mr.  Kennie's  interesting  conversation,  both  on 
general  topics  and  professionally  upon  the  progress  of 
the  Hell  Itoek  works,  on  which  he  was  consulted  as  chief 
engineer."  On  the  following  morning  Mr.  Renm'e 
landed  to  insj^eet  the  progress  made  in  the  excavation, 
being  received  with  a  display  of  colours  from  the  beiicon 
and  three  cheers  from  the  workmen.  They  continued 
at  work  for  only  about  three  hours  that  day,  after  which 
the  whole  working  party,  accompanied  by  the  chief  en- 
gineer and  his  son,  the  resident  engineer,  and  the  fore- 
men of  the  works,  returned  to  land  for  the  winter. 

The  jneparation  of  the  stone  blocks  for  next  sum- 
mer's operations  then  ])roceeded  on  shore ;  and  by  the 
spring  large  niunbers  were  dressed,  and  waiting  to  be 
iloated  olf.  In  May,  1808,  the  excavations  on  the  I'ock 
were  proceeded  witli,  and  on  the  10th  of  July  tlie 
(irst  stone  was  laid  with  considerable  ceremony.  Mr. 
Reniiie  paid  his  next  visit  on  the  25th  of  November  fol- 
lowing, for  the  purpose  of  inspecthig  the  work  done  and 
rei)orting  progress  to  the  Commissioners.  From  his 
i'e[)()rt  it  ajjpears  that  three  courses  of  mjisomy  had  by 
that  time  been  kiid  in  a  very  complete  maimer.  At 
his  suggestion,  a  modification  was  adopted  in  the  cement 
used  for  the  Iniilding,  and  also  in  the  use  of  the  granite 
blocks   deli\'ered  from   the   Aberdeen   quarry,  some  of 
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which  had  been  found  defective.  By  the  end  of  1809, 
at  our  enp^ineer's  next  visit  of  inspection,  the  tower 
had  been  built  to  a  lieight  of  30  feet,  and  was  com- 
paratively secure  against  the  effects  of  the  most  violent 
seas.  In  his  report  to  the  Commissioners  he  stated  that 
he  found  that  the  form  of  slope  which  he  had  adopted  for 
tlie  bfuse  of  the  tower,  as  well  as  the  curve  of  the  building, 
fully  answered  his  expectations — that  they  presented 
com  pa  iTi  lively  small  obstruction  to  tlie  roll  of  the  waves, 
which  played  round  the  column  with  ease — and  he 
expressed  the  opinion  that  the  lighthouse,  when  finished, 
"  would  be  found  to  be  the  most  perfect  work  of  its  kind." 
In  this  report  he  recommended  a  modification  in  the 
details  of  the  u])per  part  of  the  building.  In  dovetailing 
the  stones  together,  the  method  employed  at  the  Eddy- 
stone  had  up  to  this  point  been  followed ;  but  from  the 
top  of  the  staircase  he  proposed  that  a  somewhat  difierent 
]>lan  shcjuld  l)e  ado])ted.  "  The  stone  floors  in  the  Eddy- 
stone,"  he  said,  "  were  formed  by  an  arch  in  the  shape 
of  a  dome  springing  from  the  surrounding  walls,  to 
strengthen  which  chain-bars  were  laid  in  the  walls.  I 
pro]M)se  that  these  should  be  done  with  large  stones 
radiating  from  a  circular  block  in  the  middle,  to  which 
tln'ir  interior  ends  are  to  be  dovetailed  as  well  as  the 
ra<liated  joints,  and  these  connected  to  the  surrounding 
walls  by  means  of  a  circular  dowel.  By  this  means  the 
lateral  [jressine  on  the  walls  will  be  removed,  the  whole 
connected  together  as  one  mass,  and  no  chain-bars  will 
U*  wante<l  excei)t  under  the  cornice.  Thus  the  whole 
will  U*  like  a  soli<l  block  of  stone  excavated  for  the 
residence  of  the  lightkee[)ers,  stores,  Sic^  lie  concluded 
with  Hjnie  practical  advice  as  to  the  construction  of  the 
lantern  after  an  improved  method  which  he  proix)sed, 
in  order  that  it  might  be  in  readiness  in  the  course  of 
the-  ensuing  snmnner,  by  which  time  he  anticipated  that 
tin*  building  would  Imj  ready  for  use  if  the  weather  proved 
favourabh*.     These  reconunendations  were  adopted,  and 
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tlie  work  liaviiio-  jaoceeded  sjitisfactorily,  the  whole  was 
completed  l>y  the  end  of  1810,  and  tlie  h'j^ht  was  reji^i- 
larlv  exhil>ited  after  the  1st  of  Fchruarv,  1811.  AVLen 
finislied,  tlie  tt)wer  was  10  feet  liigher  than  the  origiiuil 

design,  liein}^  05i  teet  to  tlie  top 
i>f  the  coniiee,  and  127  feet  to  the 
top  of  the  lanteni.  The  additional 
height  to  wliieh  Mr.  Kenuie  had 
thought  it  necessary  to  carry  the 
lighthoiM/  during  its  constnietion 
had  the  eflect  of  raising  the  total 
cost  to  B1,331Z. ;  hut  he  believed 
tlie  iiiLTeased  outlay  would  Ik.' 
fully  justified  by  the  greater  secu- 
rity given  to  the  building,  and  its 
increased  efficiency  for  the  puqjose 
for  which  it  was  intended. 

Notwithstanding  the  facts  which 
we  Iiave  stated,  showing  that  Mr. 
Rennie  acted   throughout  as   the 
chief  engineer  of  the  lighthouse — 
that    he    fimiished    the    design, 
arranged    the    details 
of  the  building,  settled 
the  kind  of  materials 
to  be  used  down  even 
to  the  mode  of  mixing 
...   ::n.         .  I  .<..::  1:0.,..  the  mortar,  and  from 

time  to  time  made  va- 
rious aherations  and  modifications  in  the  plans  of  the  work 
during  its  i)rogress,  witli  tlie  siinction  of  the  Connnission- 
ers — his  name  lias  not  usually  l)een  identified  with  the 
erection  of  tliis  structure  ;  the  credit  having  l>een  almost 
exclusively  given  to  Mr.  Robert  Stevenson,  the  resident 
engineer,  aiisiniir,  no  douht,  from  the  circumstance  of 
Mr.  Iiennie  heing  in  a  great  nusisure  ignored  in  the 
'Account  of  the  IJell  Hock  Lighthouse,'  afterwaixlH  pul»- 
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lislied  by  that  gentleman.  Mr.  Stevenson  was  unquestion- 
al)ly  entitled  to  great  merit  for  tlie  able  manner  in  which 
he  performed  his  duty,  which  Mr.  Rennie  was  always 
])r()mpt  to  acknowledge ;  but  had  any  failure  occurred, 
in  consequence  of  a  defect  in  the  plans,  Mr.  Rennie,  and 
not  Mr.  Stevenson,  would  have  been  held  responsible.  As, 
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however,  it  proved  a  success,  it  is  but  fair  that  the  former 
should  not  be  deprived  of  the  merit  which  unquestionably 
Indonged  t4)  him  as  chief  engineer,  which  office  he  con- 
tinued to  hold  mitil  the  completion  of  the  undertaking. 
It  is  a  matter  of  inq)ossibility  that  engineers  in  exten- 
f>ive  practice  should  i)ers4jnally  sujierinteiid  the  various 
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structures  desif^ned  by  them,  which  are  proceeding  at 
iha  same  tune  iu  different  parts  of  the  comitry.  Hence 
the  ap])ointment,  at  tlieir  recommendation,  of  resident 
assistants,  whose  business  it  is  to  see  that  the  details 
of  the  design  are  faithfully  carried  out,  and  that  the 
work  is  executed  in  all  respect^s  according  to  the  deter- 
mined plans.  To  take  two  instances — Telford's  Menai 
Bridge  and  Stephenson's  Britannia  Bridge — in  the 
former  of  whicli  cases  Mr.  Provis  was  appointed  resident, 
and  in  the  latter  Mr.  Edwin  Clarke.  Both  of  these  gen- 
tlemen afierwaids  published  detailed  histories  of  their 
resi)ective  works;  but  neither  of  them  ignored  the 
chief  enghieer,  nor  claimed  the  merit  which  attached  to 
the  successful  erection  of  these  great  structures. 

During  Mr.  Iiennie's  lifetime  various  paragraphs  were 
publislied  in  the  Edinbm'gh  papers,  claiming  for  Mr. 
Stevenson  the  sole  credit  of  having  designed  and  erected 
the  lighthouse.  At  this  he  was  naturally  annoyed  ;  and 
the  more  so  when  he  learnt  that  Mr.  Stevenson  was  about 
to  "  write  a  book  "  on  the  sulyect,  but  without  commu- 
nicating with  him  thereon.  "  1  have  no  wish,"  he  says, 
iji  a  letter  to  a  friend,  "  to  prevent  his  writing,  a  book. 
If  he  details  the  truth  fairly  and  impartially,  I  am  satisfied. 
1  do  not  wish  to  arrogate  to  myself  any  more  than  is  justly 
my  due,  and  1  do  not  want  to  degrade  him.  If  he^^Tites 
what  is  not  true,  he  will  only  expose  himself.  I  bethink 
me  of  what  Job  Siiid,  '  Oh  that  mine  enemy  would  write 
a  book!'"  The  volume,  however,  was  not  published 
mitil  three  years  after  Kennie's  death;  and  it  was  not 
before  the  [niblication  of  Sir  John's  work  on  Break- 
wati'j's,  that  his  father's  claims  as  chief  and  responsible 
engineer  of  the  lighthouse  were  fairly  asserted  and  after- 
wards fully  and  clearly  estal)lished.^ 

*  'I'hc  cnmsjM.iKlcncc   wliioli   t«x>k    I    conkil   in   the   *  Civil  Engineer   aiul 
jtlacc  nil  tli(!  .siil»j«c(  will  Ikj  luimd  re-   |    Arcliik-c't's  Jounwl,'  vol.  xii.,  1849. 
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CHAPTER  IX. 
Mu.  Kexnie's  War  Docks  and  other  Government  Works. 

Fi{OM  an  early  period  Mr.  Kennie's  eminent  practical 
abilities  pointed  liim  ont  for  emplojTiient  in  the  public 
service  ;  and  lie  was  consulted  by  the  Ministry  of  the  day 
more  particularly  as  to  the  machinery  used  in  the  Govern- 
ment establislunents,  the  formation  of  royal  docks,  and 
the  construction  of  breakwaters.  At  the  recommenda- 
tion of  Mr.  Smeaton  he  was  cjilled  upon  by  the  Vic- 
tuallin;j^  Department  of  the  Xavy  to  advise  them  as  to 
the  improvement  of  their  flour-mills  at  Rotherhithe, 
which  were  worked  by  the  rise  and  fall  of  the  tide ;  and 
tlie  manner  in  which  he  perforaied  that  service  was  so 
Kitisfactory,  that  it  shortly  led  to  his  advice  beinp^  tiiken 
on  other  subjects,  some  of  which  might  at  first  sight  be 
supposed  to  lie  beyond  the  range  of  his  engineering 
e.\j>erience. 

Great  alarm  prevailed  in  1803  as  to  the  threatened 
intentions  of  our  warlike  neiglibours  across  the  Chan- 
nel. The  'Moniteur'  and  the  'Brussels  Gazette'  were 
ojn'nly  sfK'culating  as  to  the  time  it  would  take  the 
Frencli  army  to  reach  London,  and  it  therefore  be- 
hoved England  to  be  upon  her  guard.  All  the  possible 
lines  of  approach  from  the  coast  to  the  capital  were 
(•:irefiilly  examined ;  and  it  appeared  to  military  men 
tliat  the  eastern  side  of  London  was  the  most  acces- 
>il»lc  to  the  a<lvance  of  an  enemy  landing  near  the 
month  of  the  Thames  or  on  the  Essex  coast.  Mr. 
Reiinie  was  employed  to  examine  the  valley  of  the  Lea, 
to  ascertain  whether  means  could  be  devised  for  sud- 
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deiily  laying  it  under  water,  if  necessary,  to  check  the 
jipproacli  of  a  hostile  army  from  that  quarter.  After 
Ciireful  consideration,  he  laid  hefore  the  Govermneut 
a  plan  with  tliat  olyect,  which  included  a  series  of 
dams  fm^nished  with  sluices, — one  at  the  jmiction  of 
the  Lea  with  the  Thames,  another  across  the  valley  at 
Bow,  a  third  at  Temple  Mills,  and  others  higher  uj) 
the  river  as  far  as  Am  well.  These  were  contrived  si.> 
that  the  waters  should  be  penned  up,  and  the  valley 
flooded  at  will.  The  works  were,  how^ever,  only  partially 
carried  out,  and  some  five  dams  were  formed  above 
Bromley,  with  jetties  at  diflerent  points  to  increase  the 
current ;  but  happily  these  defensive  works  were  never 
required,  Na})oleon's  warlike  ambition  having  shortly 
after  bt'come  diverted  in  another  direction. 

About  the  same  time  Mr.  Rennie  was  consulted  as  to 
the  best  means  of  improving  the  defences  of  the  coast 
of  Kent ;  and  he  hiid  out  and  constructed  for  the  Go- 
vernment the  Ilythe  Military  Canal,  defended  by  earth- 
works, and  protected  by  a  breastwork  on  the  land 
side.  Jt  extends  for  some  twenty  miles  westward  across 
Ronniey  Marsh  to  the  river  llother,  nciir  Rye.*  He 
was  also  consulted  as  to  the  best  site  for  a  low-water 
harbour  on  the  south-east  coast  for  accommodating 
frigates  to  watch  the  opposite  shore, — Napoleon's  legions 
being  then  assembled  on  the  heights  above  Boulogne, 
and  his  flat-bottomed  boats  crowding  its  port.  Mr. 
Rennie's  o})inion  was  in  favour  of  Folkestone  as  the 
best  site  ibr  such  a  port,  where  a  ridge  of  rocks  outside 
its  then  smnll  tidal  basin  offered  unusual  facilities  for 
the  formation  of  a  haven  capable  of  ac*commodating 
vessels  of  considerable  burden.  This  work  was  not, 
however,  curried  out,  and  Folkestone  Harbour  is  happily 
now  devoted  to  more  pacific  pm'})Oses.^ 

>  Sou  IX'striptivf  View  i»l*  lioiniiey  I  -  Mr.  Uoiinic  swains  to  have  Uvii 
Marsli,  Vul.  J.,  p.  8.  *^     [    frcMincntly   in    amiiiuinictitiuu    wilh 
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When  Fulton  proposed  the  scheme  of  his  famous  tor- 
]Xido  for  blowing  up  ships  at  sea,  by  stealthily  approach- 
ing them  under  water,  Earl  Stanhope  made  so  much  noise 
al)out  it  in  the  House  of  Lords,  that  a  commission  was 
appointed  to  investigate  its  merits,  of  wliich  Mr.  Rennie 
was  a  memljer.  Little  importance  was  attached  to 
Fulton's  pretended  "  invention ;"  nevertheless  it  was 
determined  to  afford  him  an  opportunity  of  exhibiting 
the  j)owei's  of  his  infernal  machine,  and  an  old  Danish 
brig  liding  in  Walmer  Roads  was  placed  at  his  disposal. 
lie  sucieeded,  after  an  unresisted  attack  of  two  days 
— during  which  he  had  also  the  assistance  of  Sir  Home 
Popliam — in  blowing  up  the  wretched  carcass,  and  with 
it  his  own  ])retensions  as  an  inventor.^ 

Among  other  subjects  on  which  we  find  Mr.  Rennie 
consulted  by  the  Government  authorities,  were  the  im- 


the  inilitan'  authoritit's  of  the  day  on 
warliki'  iiuittiTs.  Thus,  in  IHOD,  he 
WAS  a|»|»lie«l  t«)  for  a  jran*;  of  workmen 
t«>  |>niefe«l  to  Fhisliing,  tluring  the 
nntortiiiiatc  WaklH-rcn  t'X|te«lition,  to 
a-ssisi  in  tlestn»yin;4  th<'  |tiers,  flunl- 
*::iUt<,  an<l  iKisins  of  that  jKirt;  after 
«'tli"<tin'^  which  thrv  rdunR^l  lionie. 
'I'hf  <'«»iitra<t<»rs  WfTc  Messrs.  Hrou^h 
an«l  Ma<intosh.  Tlic  sum  e.\|)en«Unl 
on  artiliivrs'  an<l  wurknicn's  waj^es, 
aniouiitiii^  to  2'h;i/.  i)s.  7t/.,  wjus  »iis- 
l>urs*il  l»y  Mr.  iUiuur,  wlio  ohtaineil 
flu-  re»iuisitv  vouchers  from  the  Trea- 
istiry. 

'  Mr.  Kennie  hail  a  ver>'  mean 
oi»ini<»u  ••!  Kuhon,  re^ianling  him  as. a 
quark  wlio  traUe«l  Ujiun  the  inven- 
tion i»t  <  it  hers.  He  consitleretl  that 
little  merit  Ulonp**!  to  liim  in  re- 
lianl  to  the  invent i»»n  (»f  the  steam- 
U<it.  Thus,  Joiuitlian  Hulls,  Miller 
ot  r>alswinton,  and  Symin«;ton  had 
U**  n  at  \\ork  upm  the  invention  \oi\^ 
l*I'»rf  Fulton  ;  Miller  having  actually 
made  a  voya-^e  to  Sweden  and  Iwck 
v%ith  his  st^iimUttt  as  early  as  1789, 
eiuhti-en  ye:irs  liefore  Fulton  ma<le  )ns 
fir^t  hucxi-sst'ul  ex|H.*riinent  on  the 
Hu'U'U.      Fulton's  alK-jetl  invention 


of  cast  in>n  bridges  was  not  more  ori- 
ginal. Writing  to  Mr.  liarrow  of 
the  Admiralty,  in  1817,  Mr.  Kenuio 
siiys :  "  1  sen<l  you  Mr.  Fulton's  book 
on  Canals,  publishwl  in  179(>,  when 
he  was  in  England,  and  previous  to 
his  application  of  the  steam-engine  to 
the  working  of  wheels  in  boats.  On 
the  designs  (as  to  bridges,  &c.) 
containeil  in  that  lx>ok,  his  fame,  I 
believe,  i)rinciittilly  rests ;  although 
he  acknowUnlges  that  Earl  Stanhope 
had  previously  j)ro|)osc*l  similar 
plaas,  and  that  Mr.  lleynolds  of 
C(Milbr(X)kdale,  in  Shro|i8liire,  had 
actually  carricH.1  them  into  execution ; 
80  that  all  the  merit  he  has — if  merit 
it  may  be  called — is  a  proixjsal  for 
extending  the  principle  previously  ap- 
])litHl  in  this  country'.  The  first  iron 
i>ri«lge  was  erecte<l  at  Coalbrookdale 
in  1779,  and  In-tween  that  and  the 
publication  of  Fulton's  liook  in  1796 
many  others  were  erecteil;  so  that, 
in  tins  de|Kirtment,  he  has  little  to 
Ixxist  of.  1  consider  Fulton,  with 
whom  I  w;is  personally  acquainted,  a 
man  of  very  slender  abilities,  though 
fxjssi-ssing  much  self-con tidence  and 
consunimatc  impudence." 
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})rc)vomeTit  of  the  machinery  of  the  Waltlmm  Powder 
Mills,  esi)ecially  as  to  the  more  economical  application  of 
the  watei*  power — the  fixing*  of  moorings  in  the  tideways 
of  the  royal  liarboin's — the  clearing  of  the  Thames  in 
front  of  Woolwich  Dockyard  of  it«  immense  accumidation 
of  nmd — the  erection  of  a  (pianintine  establishment  in 
the  Medway  ^ — tlie  lU'ovision  of  wet  docks  for  the  Koyal 
Navy — and  the  introduction  of  improved  machinery  at 
the  various  dockyards;  on  which  last  subject  Mr.  Kennie 
was  especially  competent  to  give  advice. 

A  (\)niiiiission  of  (Mvil  OHicers  of  the  Navy  was  ajv 
jK)intcd,  in  1800,  to  consider  the  best  means  of  tunn'ng 
out  work  from  the  dockyards  with  the  greatest  despatch 
and  economy.  Private  manufacturing  establishment*; 
were  then  a  long  way  ahead  of  the  Government  yards, 
where  methods  of  working,  long  abandoned  everj-Avhere 
else,  still  continued  in  ])ra(*tice  ;  and  to  ciiU  a  mechaliic 
or  labourer  on  the  Thames  "a  regular  dockyarder"  was 
to  a])])ly  to  him  the  lowest  term  of  reproach  that  c<'»uld 
be  used.  Foreign  govermnenis  were  introducing  steam- 
engines  and  the  most  imi)roved  kinds  of  machinery, 
whilst  our  Admiralty  were  standing  still,  notwithstanding 


*  The  quarantine  fslaMishnifnt  ot" 
tilt*  ]H>rt  <it"  Ij<»inlon  was  tln'n  situattnl 
at  Staii«iat<'  Creek,  which  jnins  tht; 
MtMlwav     uUmt     t\v<»    miles    aU)V(5 


foul  of  the  sliijis  jHTfonning  quaran- 
tine, were  coniiiolled  at  one*'  to  lu-aw^- 
U\  and  un<ltrr«5o  two  or  three  da\V 
<letentiou    K^fore  they  (xnihl    Ikj  n*- 


Slieerncss.      h  amnisicd   of    several     ;    UastKl.      To  dimmish   this  evil,  tho 
t»l«l  two  and  tliretrnlecker  hulks,  into        (iovenunent    detvnuiueil    to   erect  a 


which  ^«km1s  were  jilace<l.  I'jussenp/rs 
wliile  jM-rrorniing  ([uarantine  nu«;ht 
well  h'et  and  fume  at  their  detention, 


{)ennanent  (luarantino  cstablishmeut 
alKHit  thrtxi  mik«  ui>  Stangate  Crwk, 
at  a    place   calltHl   Chetiiey   Uill,  a 


having' iK'fore  them  a  most  uninterest-  ;   small   rising  gromul  situated  in  tlu» 

in^   ]»ros|Kvt — a  wide   ext<nt  of  Hat  !   marshes.     It  was  |)ro{X)8ed  to  isolate 

mjnsli-land,  w-ith  a  frin;^e  of  mud  at  this  hill  hy  a  canal,  provided  with  a 

l<»w  water.     A   smnll  vessel   of  war  |    lock  ;  and  Mr.  Kennie  wiis  requiwted  to 

was  stationinl  at  the  entrance  of  the  ]irei«ire  the  rtHiuisito  plaus,  which  ho 

creek  to  ]irevenl  infringement  of  the  <lid  (in  18(MJ),  and  the  works  were 

n';4ul:iti<»ns.      The  annoyance   eaustnl  execaitiHl  at  a  hmvy  exiK>nse ;  but  wc 

hy  this  jstahlishment  was  very  great,  Wieve   they   wen?  never  used,  and 

ainlitwascomj»lain<dofmoreandmore  the  old  hulks  amtinued  to  be  om- 

as    our    torei;:n    connmM'ce    extendetl.  !    j»loyed   until  the    tinal  aboiidoninrut 

( hi  st'venil  occasions,  vessels  lille<l  with  ■    ^A'  the  (luanintine  system. 
jmssen;^ei-s,    havin<;   accidentally    run 
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tlie  war  witli  France,  which  called  for  more  than  ordi- 
nary despatch  in  the  buildinj^  and  repairs  of  ships  of  war. 
In  Mr.  liennie's  report  to  the  Commission,  he  inciden- 
tally mentions  mechanical  appliances  which  he  was  en- 
^np^ed  at  the  time  in  manufacturing  for  exportation.  "  I 
am  erecting,"  he  said,  "  a  steam-engine  for  the  royal  dock- 
yard at  Copenhagen,  for  the  purpose  of  blowing  all  the 
1  mellows  in  the  smithies,  and  another  for  pumping  waiter 
out  of  the  docks.  I  also  imderstand  they  mean  to  con- 
struct machinery  there  for  forging  anchor-palms  and 
()thcr  large  iron  work.  Rolling-mills  for  bars,  bolts, 
hoops,  &c.,  might  also  be  employed  with  advantage. 
Saw-mills,  such  as  I  have  constructed  at  Calicut,  on  the 
coast  of  Malabar,  for  sawing  plank,  beams,  and  other 
articles,  would  be  very  serviceable.  Block-machinery 
and  rf)[)e-works  might  likewise  be  worked  by  steam- 
engines,  as  well  as  mills  for  rolling  copper,  machinery 
for  working  cranes,  and  other  purposes."  He  pointed 
out,  that  dockyards  ought  to  be  so  laid  out  as  to  enable 
Work  of  the  same  kind  to  be  carried  on  by  ccmtinuous 
o| K-rations  as  in  a  well-ordered  manufactory.  He  showed 
th;it  the  water  at  the  entrance  of  all  the  dockyards, 
excepting  Plymouth,  was  too  shallow  to  enable  large 
slii|»s  to  be  docked  for  repairs,  without  dismantling  them 
and  taking  out  their  guns  and  stores,  which  was  a  cause 
(»f  luuch  delay,  damage,  and  exj)ense ;  and  he  m*ged 
the  provision  of  a  dockyard  in  which  the  largest  sliij)s 
might  lie  afloat  at  hnv  water,  and  be  docked  and  un- 
<lo(ke«l  in  all  states  of  the  tide.  He  would  also  have 
p<^wciful  steam-engines  provided,  by  which  any  dock 
might  1k.»  pumped  dry  in  a  few  hours,  so  as  to  enable 
npiiirs  to  Ik3  at  once  proceeded  with.  He  had  no  doubt 
that  the  cost  of  constructing  such  a  harbour  and  dock 
wnuM  be  saved  to  the  nation  in  the  course  of  a  very  few 
ycai-s.  He  also  urged,  as  of  still  greater  importance,  the 
nrrissity  for  concentrating  all  dockyard  work  as  much 
:is  |M»ssili|e.     Himself  the  head  of  a  large  manufacturing 
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establishment,  he  was  well  aw^are  that  tho  more  the 
several  branches  are  kept  apart  from  each  other,*  the 
less  is  tlie  efficiency  secured,  and  the  jj^i'eater  is  the  waste 
of  material  as  well  as  loss  of  time.  He  therefore  urged 
above  all  things  concentration,  and  he  broadly  held  that 
without  it  economy  was  impossible. 

Portsmouth,  Plymouth,  Sheerness,  Chatham,  Wool- 
wich, and  Deptford  were  mostly  far  aj)art,  some  of  them 
very  badly  ;i<la])ted  for  the  puri)oses  of  royal  dockyards, 
and  at  neaily  all  of  them  the  same  costly  process  of 
l>atcliinp',  c()bl)ling*,  and  waste  was  going  forward.  In- 
deed, he  held  that  it  would  be  much  chea])er,  viewed 
as  a  money  (piestion  only — not  to  mention  the  increased 
des])atcli  of  business  and  the  improved  quality  of  the 
work  done — to  construct  an  entirely  new  dockyard,  where 
evi'ry  department  could  be  laid  out  in  the  most  com- 
plete and  scientific  manner.  These  views  looked  so 
reasonable,  and  they  ])ointed  to  results  so  important,  that 
the  IJoard  of  Naval  Revision  determined  to  pursue  the 
investigation  ;  and  they  recpiested  Mr.  Pennie  to  examine 
all  the  I'oval  dockyards,  and  report  as  to  the  im- 
])rovements  that  might  be  made  in  them  with  the  above 
object;  and  also  on  his  plan  of  a  new  and  complete 
naviil  arsenal  suitable  to  the  recpnrements  of  the  nation. 

The  result  (^f  his  incpiiries  was  set  forth  in  the  elalnv 
rate  report  delivered  by  him  on  the  Ittli  May,  1807. 
lie  had  found  most  of  the  royal  harbours  in  a  state 
of  <lecay,  silted  up  with  mud  or  sand,  and  in  a  gene- 
rally (liscreditaljle  condition.  Of  all  the  naval  arsenals, 
he  found  INymouth  had  suflered  the  least,  in  conse- 
rpience  of  less  alluvial  matter  flowing  into  the  harbour 
from  the  rivers  discharging  themselves  into  tlie  Soimd 
— the  ])rinci])al  objecticni  to  that  port  being  that  it  was 
e\])ose<l  to  the  violence  of  south-westerly  and  soutli- 
easteily  winds.  Poitsmouth  lie  fi.mnd  to  be  in  a  very 
defective  state,  much  silted  up  with  nuul,  the  depth  uu  the 
bar  haviim-  biH'ome  reduced  within  a  century  from  18  to 
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14  feet,  whilst  tlie  works  generally  were  in  a  condition 
of  great  decay.  The  docks  were  also,  in  his  opinion, 
quite  inadequate  to  the  acconunodation  of  ships  requiring 
re[)airs,  whilst  the  storehouses,  workshops,  and  building 
slips  were  ill  laid  out,  having  V)een  run  up  in  haste  after 
no  well-digested  plan,  involving  bad  work  and  waste 
both  of  money  and  of  time.*  Deptford  Royal  Dockyard, 
the  oldest  on  the  Thames,  was  objectionable  because  of 
the  decreasing  depth  of  water,  which  rendered  it  less  and 
less  availal)le  for  sliipsof  large  burden  ;  and  hence  it  was 
gradually  being  abandoned  for  ship-building  purposes; 
Mr.  Kennie  recommending  that  it  should  for  the  future 
be  exclusively  used  as  a  victualling  yard.  Woolwich 
also  he  considered  ill  adapted  for  the  purposes  of  a  royal 
harbour  and  arsenal :  it  was  situated  too  high  up  the  river, 
where  the  water  was  shallow,  and  the  place  was  incapable 
of  enlargement  to  the  required  extent,  except  at  an 
enormous  cost.  lie  held  that  large  ships,  even  if  built 
tliere,  must  go  down  the  stream  into  deeper  water  before 
they  could  take  in  their  gims,  stores,  and  provisions, 
thus  involving  the  risk  of  damage  and  tlie  certainty  of 
delay  and  increased  expense.  With  reference  to  the 
naval  arsenals  on  the  Medway,  although  considerable  im- 
provements liad  been  made  in  the  dry  and  wet  docks  of 
( 'hatham,  yet  he  held  that  tlie  place  was,  from  its  situation, 
incapable  of  being  adapted  to  the  important  purposes  of 
a  naval  establishment  of  an  extent  and  accommodation 
coinmensunite  with  the  national  requirements.  Besides, 
the  navigation  of  the  Medway  from  the  Nore  was  very 

*   By  way  of  illustrating  his  views,  pliiw  to  nothing  elnc  than  to  a  fwck  of 

Mr.    Ilrnnio  umiI  to  s;iy  :  **  Ia-I  any  canls,    with    tlie   nanu's   of  different 

srran.:»r  visit   I'ort^nioiith  iVickyanl,  buildings,  docks,  &c.y  marko<l   iiixm 

th#-  li«-.id  cstahlishmcnt  of  the  British  thoni,  ami  then  Ui^i^X  up   into   the 

navy,    hr   will    U'  astonished  at  the  air,  so  that  each,  in  falling,  might  find 

va^tnt-sM    an<l    number   of    builtiings,  it«  jilaco  by  chance, — so    completely 

and   I crhaj IS  Kay,  *  What  a  wonderful  arc   they  devoid   of  all    arrangement 

plan-  It  i."*!'  knowing  nothing  aVxmt  and  order." 
th«'  Hubjjit.     lint  I  can  comjiare  the 

VOL.  n.  R 
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intricate,  and  the  upper  part  too  shallow  for  ships  of  large 
burden.  Then,  as  for  Sheemess,  his  opinion  was  that  the 
yard  there,  besides  being  on  too  small  a  scale  to  adapt  it 
for  tlie  purposes  of  a  national  harbour  and  arsenal,  would 
be  exposed  to  great  risk  in  event  of  a  war,  being  almost 
incapable  of  effectual  defence.  "  On  the  whole,"  he 
observed,  "  it  appears  to  me,  on  consideration  of  all  the 
facts  I  have  been  able  to  collect  respecting  the  princiixil 
naval  arsenals  of  the  empire,  that  they  are  far  from  pos- 
sessing such  properties,  either  in  point  of  situation,  extent, 
arrangement,  or  depth  of  water  in  the  harbours,  as  the 
large  and  growing  naval  ix)wer  of  this  coimtry  demands." 
In  reviewing  tlie  sites  of  the  different  arsenals, 
Mr.  Ronnie  says  he  was  struck  with  suii)rise  to  find 
them  mostly  j^laced  on  the  ke  share  of  their  respective 
harboin-s — the  worst  of  all  positions.  Plymoutli,  Port»- 
moutli,  Chatham,  and  Sheerness  were  thus  situated; 
Deptford  was  on  the  weather  shore,  and  Woolwich  had 
the  prevailing  wind  blowing  across  it.  He  also  pointed 
out  that,  at  all  the  royal  dockyards,  vessels  had  to 
take  in  their  stores  and  be  rigged  and  fitted  out  in 
open  harbours ;  and,  with  the  exception  of  Plymouth, 
the  materials  were  clumsily  and  expensively  conveyed 
from  the  shore  to  the  ship's  side  in  lighters.  There  being 
no  wet  docks  at  any  of  the  royal  yards,  vessels  in  ordi- 
nary lay  moored  out  in  the  open  tideway ;  and  the  ex- 
pense of  moving  them,  of  placing  men  on  board  to  watch 
tliem,  and  the  various  accidents  to  which  they  were  thus 
liable,  were  the  constant  cause  of  heavy  loss  to  tlie  nation. 
Viewing  the  subject  in  all  its  bearings,  and  with  a  view 
to  despatch,  efficiency,  and  economy,  he  strongly  recom- 
mended the  construction  of  capacious  wet  and  dry  docks, 
in,  some  convenient  situation  on  a  weather  shore,  pro- 
vided witli  sufficient  storehouses  and  workshops,  fitted 
with  engines  and  machinery  on  the  most  improved  plans 
for  the  building  and  repair  of  ships;  and  he  expressed 
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the  strong  opinion  that  the  political  importance  of  adopt- 
ing such  a  measure  would  far  outweigh  tlie  expense, 
however  large,  which  it  might  be  necessary  in  the  first 
place  to  incur. 

The  subject  was  felt  by  the  Admiralty  authorities  to 
be  of  so  much  importance,  that  Mr.  Rennie  was  again 
requested  to  report  as  to  the  most  advisable  site  for 
a  great  naval  harbour  and  arsenal  such  as  he  had  pro- 
|K)8ed;  and  he  was  requested  by  Lord  Howick  (then 
First  Lord)  more  particularly  to  state  his  views  as 
to  the  eligibility  of  Northfleet  on  the  Thames,  which 
liad  been  suggested  as  the  most  desirable  situation. 
In  his  visit  of  inspection  to  the  place,  Mr.  Rennie 
was  accompanied  by  his  venerable  friend  James  Watt, 
and  his  confidential  assistant  Mr.  Southern,  together 
with  Mr.  Whidbey,  acting  master-attendant  at  Wool- 
wich Dockyard ;  and  he  had  the  benefit  of  their  great 
exj)erience  in  assisting  him  to  mature  the  design  which 
he  shortly  laid  before  the  Admiralty  for  their  con- 
sideration. The  site  seemed  to  him  most  convenient  for 
tlie  puri)ose.  "  Northfleet,"  he  said,  "  possesses  every 
advantage  that  can  possibly  be  wished  for  in  a  naval 
station,  and  it  is  capable  of  being  rendered  as  complete 
and  i)erfect  an  establishment  as  can  be  made  for  building, 
re}Kiirinjj:,  and  fitting  out  vessels  of  war  of  all  classes, 
on  the  largest  scale."  The  Thames  at  that  point  pre- 
sented abundant  deptli  of  water ;  there  was  a  large  space 
of  flat  land  available  for  the  harbour  and  docks,  which 
nn*jj:lit  lx.»  so  laid  out  as  to  be  almost  indefinitely  extended ; 
tlie  situation  was  on  the  w^eather  shore,  well  protected, 
and  cjijKxble  of  being  strongly  defended ;  it  would  be  in 
direct  connection  by  water  with  Woolwich,  Deptford, 
and  London,  as  well  as  witli  Chatham  and  SheemesQ; 
and  as  a  <j;^reat  national  harbour  and  arsenal  he  regarded 
its  situation  on  the  Thames,  at  the  entrance  to  the  greatest 
|H>rt  in  the  world,  txs  in  all  respects  the  most  suitable  and 
appropriate.     Accom|)anying  his  report  was  a  carefiiUy 
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(lcvis(Ml  and  most  elaborate  ])laii/  whicli  imhappily  was 
never  carried  out. 


'  TIk;  site  of  the  ]»ro|X)so<l  arsenal 
was  the  flat  iM»rtion  of  laml  lU'irr 
N(trthll(vt,  ahout  ci^lit  liuinlnKl  jicrcs 
in  extent,  lyinic  in  tlie  anirular  spaet^ 
fornietl  by  I''i«llers"  ami  Noitlifleet 
Kearlies.  its  <lej»th  close  t<»  tlie  slion^ 
was  alnmt  seven  iathonis  at  low 
water,  or  suflleient  for  vessels  of  the 
largest  lainlen.  'I'he  main  <ntranee- 
ItK-k  was  to  be  at  the  Northtleet  en«l 
of  (he  (loeks,  within  which  was  to  l)e 
an  entrance-basin  181."»  feet  Iom;^  and 
()<H)  feet  witlc, cov<rin<j;  alxuit  twenty- 
five  acres.  Dry  (l«M'ks  were  to  ]>i'  jilaccd 
Conveniently  near,  from  which  tin* 
wat<'r  was  to  Ik-  ])nmi»e(l  by  ])oW(^rful 
stj-am-enirines,  so  that  vessels  mi;^ht 
1m'  (hx-ketl  directly  from  tin;  basin, 
and  have  their  i)otloms  examined 
with  the  leasl  loss  of  time.  Part  <»f 
the  entrance-basin  was  to  be  a|)]»ro- 
priate<l  Ibr  an  anchor-wharf,  another 
for  a  j:nn- wharf;  next  the  stores  and 
victnallinix  wharves,  with  their  ap- 
jM'opriate  buildin^rs;  the  whole  ar- 
ran^lcil  on  a  system,  so  that  the  mate- 
rials re«|nired  on  shi|»l>oard  mi^ht  U' 
passed  forward  to  their  res]H'ctive 
wharves  from  one  stairc?  of  i»rei)arati()n 
to  another,  with  the  ;ireatest  desi>atoh 
and  e<'on(»iny.  At  the  north  end  of 
the  b;t.>in  were  to  1)0  the  mast  and 
b«'at    ponn<ls,    Avith    their    adjoining 


wt»rkshops,   ouniU'Ctt'd  als»>  witli  the 
Thames  and  the  main  Wf'stom  l«sin 
by   sejKirate    entnuict-s.      The    main 
western  Kasin  was  to  l»e  at  ri^rlit  aniih.'S 
to  the  entrance-Uisin,  -MXK>  twt  Ion;.; 
and  Ooc)  feet  wide,  o^verin;j;  a  snrfao- 
i»f  alH»iit  eijility  acix»s.   Alun;^ide  wen.' 
to  !«•  six  dry  docks  and  ei;^ht  Imildin.i: 
sli]»s,  all  littinl  in  the  most  Odinplete 
manner  with  the  re«iiiisito  Kiw-pits, 
seasonin;>she<ls,  mould-lofts,  timU-r- 
storcs,   and   smitheries,   cnnveniently 
situatcnl  in  their  n-ar.     The  whoh'i.f 
the   lieavy    w«>rk,    sucli    as    Ivcllow.s- 
,    blowin^r,    tilt-hammerin;:,    lonrini:  of 
!    anchors,  and  iron-rolliujr,  was  to  U- 
jM'rformetl  by  tlie  aid  i>f  steaiiiH'n;jnncs 
and    machinery  of  the   im.rst   perfect 
i    kind.     Seventy  sail  of  the  line,  with 
a   ])ro|V)rtionate   numlicT    of    snialhr 
vessels,  mifjht  convenii-ntly  lie  in  this 
;    basin,  and  yet  afibnl  abundant  s|i;ui' 
for  the  launching;  of  new  vessels.  An- 
other  Kisin,  1180   feet  Innj;  aiid  ')(^^ 
i    feet   wide,   was   i)roj)*)se»l   for  timlicr 
.shi]»s,  on  the  south-west  extremity  of 
the  jxreat  basin,  with  a  sei»arato  cii- 
tnmce  int<»  the  Thames  a  little  U-low 
I    tireenhithe.   'J'he  whole  of  the  arsenal 
'    was   to  Ikj  connwti'il  to;T,.fl,(.r   b}-  a 
,    system  of  railways  extendinjr  to  every 
I    jmrt   and    all    round    the    wliarvt-s. 
The   plan  was  m«ist  complete,  s«»nM 
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Mr.  Reiuiie  was  also   consulted  respecting  tlie  im- 
provement of  the  old  royal  dockyards,  and  submitted 


uf  the  details  being  bijibly  iiigcni- 
i»U4.  Uatl  it  been  adopted,  the  fol- 
lowing would  bave  been  amongst  itH 
cvrtain  advantages.  We  use  Mr. 
Kennies  own  words:  "All  mate- 
rials,** said  be,  "used  for  building 
ships  will  be  brought  to  the  sliip  with 
tt  pnxligious  savmg  of  hibour  and 
rime,  c-«>m]«inHl  to  what  can  be  done 
in  any  of  the  present  yards.  When 
launchixl  fn>in  the  slip,  the  vessel 
will  inmuNliately  go  into  the  dry  dock 
to  lie  a»pptTed  ;  alter  which  slie  will 
pnii-ee^l  tu  the  mastliouHe-quay  to 
take  in  her  masts,  which  will  be 
plui-e«l  in  her  with  the  assistance  of 
th<«  hhiH^rs,  ainl  in  a  state  of  perfect 
tlrjTM'Jw.  She  will  then  proceed  to 
the  entnince-hisin,  and  8uca*ssively 
take  in  ht*r  liallast,  stoR'S,  rigging, 
sails,  i^bk's  and  C(>ida<:e,  victuals  and 
wat4T,  guns  and  shot,  anchors,  and, 
finally,  her  cn»w  and  boats,  and  so 
pnn\i'<l  to  »■«,  almost  without  the 
|i««wibility  of  any  delay  occurring  in 
the  successive  stages  of  her  equij>- 
nirnt.  Tht'H,  in  aise  of  a  ship  coming 
in  \"T  n'i«iiirs:  where  they  aR»  slight, 
hhi-  will  go  into  either  of  the  dry 
«l««i'ks  in  the  entnuux*  or  eastern  liasin, 
antl  thrrv  have  her  cop|icr  ri*iiflin*d, 
U*T  In  it  torn  KcnibU'<l,  or  any  other 
sliiiht  n'|Kiirs  elTirttil,  and  return  im- 
UK-'i lately  to  !Jea,  without  exjK'riencing 
ni««n'  than  a  fiw  days',  {ttThajis  only  a 
U  \y  h«»upi\  detention.  If  she  rt'tpiires 
a  Minn*  th»»nmgh  re|iair,  she  will  de- 
liMT  h«r  anchors  at  the  wharf  next 
to  the  {Mfund  in  the  cntrana'-bBsin, 
th«n  htT  guns  on  the  gun-wharf, 
fh»n  turn  uut  Ikt  crew  into  one  of 
th**  noi\inn-v«srttU  nuiond  in  the 
<  litnino'-Ui.sin  tor  the  purpose,  with 
uliat  pntvinniiH  thry  may  riHjuirt^ 
•iuniii:  the  pnxi-ss  of  rejttir,  deUver- 
.U2  thf  ft  niaindrr  inti»  the  victuaUing 
yani.  She  will  next  deliver  her  ca- 
I'h-**  into  the  cable  storehouse,  and, 
•%u<Te?^ively,  her  cunlage,  her  sails 
aiid  TijiiuvjL^  and  her  small  stones,  as 
^he  {^lin  i4  ah'ii'^  the  wlisr^'es  with 
thtir  ston'hotims  sfiecially  appro- 
priated for  their  ncvptiitn.     She  will 


then  deposit  her  ballast  on  the  ballast 
wharf,  and  pass  through  the  com- 
munication lock  into  the  great  wet 
dock,  where  she  will  go  alongside  tlio 
sheers  to  have  her  masts  taken  out ; 
and,  finally,  go  into  one  of  the  dry 
docks  to  be  repaired.  In  coming  out 
of  the  dock,  she  will  move  by  the 
same  course  reversed,  and,  having 
taken  her  men  on  board  in  the  en- 
trance-basin, she  will  tlien  be  ready 
to  iirocecd  to  sea  again."  In  con- 
cluding, he  obsen-es :  "  I  should  hope 
that  the  benefits  accruing  to  the  ser- 
vice from  the  superior  quality  of  the 
stores  manufactured  under  the  imme- 
diate superintendence  of  the  agents  of 
(iovemment^  as  well  as  the  economy 
produced  by  the  substitution  of  ma- 
chinery for  hand-labour,  would  prove 
an  ample  indemnity  for  the  expense 
incumxl  in  the  establishment  of  the 
resixjctive  manufactories.**  But  the 
cost  was  the  real  difficulty ;  Mr.  Ren- 
nie*s  estimate  of  the  total*  outlay  re- 
quisite to  complete  the  works  amount- 
ing to  four  millions  and  a-lialf  sterling. 
Yet  the  plan  was  so  masterly  and 
comprehensive,  and  so  obviously  the 
right  thing  to  be  done,  that  the  Port- 
land Administration  determined  to 
carry  it  out,  and  the  necessary  land 
was  l)ought  for  the  ])urpose.  Fre- 
quent changes  of  Ministry,  how- 
ever, tot)k  jilace  at  the  time;  the 
n*sources  of  the  country  were  heavily 
taxed  in  carrying  on  the  war  against 
XafKileon  in  Sjiain;  the  public  at- 
tention was  diverted  in  other  quar- 
ters ;  and  no  further  ste]«  were 
taken  to  carry  out  Mr.  Ilennies  de- 
sign. He  knocked  at  the  door  of  one 
Administ ration  after  another  without 
effect.  In  1810  we  find  him  writing 
to  Ix>rd  Mulgrave,  the  First  Lord  ;  to 
the  Right  Hon.  (ieorge  Rose;  to  the 
Earl  St.  Vincent,  and  others;  but 
though  the  more  the  plans  were 
scrutinised  the  more  indisputable  did 
their  merits  apiiear,  he  could  find  no 
Ministry  strong  enotigh  to  carry  them 
out.  Wlien  iH>ace  came,  Government 
and   |ieople  were  alike  sick  of  wars, 
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various  plans  with  this  object,  the  most  important  of 
which  were  only  carried  out  after  tlie  Nortlifleet  pro- 
ject liad  been  finally  abandoned.  Of  the  new  works 
executed  after  our  engineer  s  designs,  those  at  Sheemess 
wore  tlie  most  extensive.  The  royal  dockyard  there 
wns  felt  to  be  a  public  disgrace.  It  consisted  of  a  mmiber 
of  old  wooden  docks  and  l)asins,  formed  by  8hij>s'  timbers 
roughly  knocked  together  fi'om  time  to  time  as  neces- 
sity re(|uired.  The  gi'ound,  in  its  original  state,  had 
Ixjon  merely  an  accunmlation  of  mud  and  bog,  siUTOunded 
by  a  wide  extent  of  flat  wet  land.  It  is  eaKV  to  con- 
ceive how,  in  ancient  times,  Sheemess  must  have  been 
regarded  as  of  imporbuice,  occupying  as  it  does  the 
extreme  north-western  pouit  of  the  Isle  of  Sheppcy,  and 
connnanding  the  entrance  both  of  the  Thames  and  the 
Medway.  But,  with  the  improvements  in  modern  artil- 
lery, the  [dace  hiis  in  a  great  measure  ceased  to  be  of 
value  as  a  ])ublic  arsenal,  being  incapable  of  efficient 
defence  against  a  hostile  fleet.  Mr.  Rennie  entertained 
a  strong  oi)inic)n  as  to  the  inferiority  of  the  site  compared 
with  others  which  he  pointed  out;  but  from  tlie  time 
when  he  was  directed  to  prepare  plans  for  the  recon- 
struction  of  the   dockyards,  his  business  w^as  confined 

naval  annameiita,  and  ji^lorious  vie-   ■    opprobrium  of  every  successive  Naval 


torios;  an<l  Iwlii-ving  that  all  danger 
from  France  was  at  an  end, — the 
French  fleet  having  lieen  destroye<l 
or  capture<l,  and  Ma|»okH>n  iKinisheil 
to  St.  Helena, — it  was  8ii]>iv>seil  that 
the  (»ld  royal  harl)Our8,  patched  and 


AdmiDistratiou.  What  Mr.  Uenuie 
iir^eii  fifty  years  since  still  holds  as 
true  as  over— that  wUhonl  concentra- 
tion economy  is  imposgible.  So  long 
as  (ifovemnient  goes  on  tinkering  at 
the  old  dockyanls,  spending  enormous 


cohhled  nj>,  might  answer  every  pur-       sums  of  money  in  the  vain  attempt 


\H.tm.\  So  the  land  at  Xorthfleet  was 
sol<l,  and  the  whole  subject  dis- 
missetl  from  the  public  mind,  liut, 
alter  the  lapsi'  of  halt'  a  century,  the 


to  nuider  them  severally  efficient,  and 
maintaining  HCinrate  exi^ensivc  stafis 
in  so  many  dilTeniit  pbioes, — ^biiildii^ 
a  ship  in  one  yard  and   sending  it 


wisdom  of  Mr.  liennie's  advice   has  n>und  the  island  to  another,  pcrha|M 

iM-conie  more  clearly  a]>i«rent  even  more  than  a  hundred  miles  distant, 

tiian  before.   For  years  past,  the  wjisto  !  to  lie  fmishcil  and   fitted,  and  then 

in  our  dockyanls,  which  it  was  the  i  to  another  to  take  in  its  guns,  stores, 

chief  object   of   his    Northflect   do-  ;  A'c, — so  long  sliall  we  have  increasing 

sign   t<:»  pr(?vent,  has  Ix-comc  one  of  I  reason  to  anu plain  of  the   frightful 

the  ])rincij»iil  tojacs  of  jniblic  discus-  |  waste  of  public  money  in  our  ruyal 

sion,   and   it  has  Unm  the  standing  =  dockyanls. 
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to  carrying  out  his   instructions   in   the  best  possible 
manner. 

The  plan  finally  decided  upon  was  that  of  a  river- 
front, extending  from  the  Garrison  Point  to  near  the 
Old  Town  Pier  of  Sheerness, 
of  the  length  of  3150  feet,  in- 
cluding the  entmnces,  and  en- 
closing within  it  three  kisins : 
one  to  the  nortlu  480  feet 
long  and  from  HO  to  200 
feet  wide,  containing  a  sur- 
face of  about  twr»  aeren, 
4  feet  below  1(  tw  water 
of  spring  tides,  with 
two   frig-ate- 
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docks  and  a 
building- 
slip  an  d 
lx)at-slips;  a 
centnd  tidal 
basin  220 
feet  scpiare, 
of  the  depth 

of  2  feet  Ix'low  low  water,  with  storehouses  around  it 
for  the  reception  and  delivery  of  victualling  and  other 
stores;  ami  on  the  west  end  of  the  dockyard  a  basin 
r>2()  feet  long  and  300  feet  wide,  covering  a  surface  of 
nearly  four  acres,  provided  with  dry  docks  for  ships 
of  the  line  on  the  south  side,  with  their  cills  and  the 
lM)ttoni  of  the  basin  laid  0  feet  below  low  water  of 
spring  tides,  westward  of  which  were  the  mast-ponds, 
ni:ist-locks,  and  workshops.  In  the  rear,  on  the  south 
of  these  works,  were  placed  s{l^vpits,  timber-berths,  and 
the  othcers'  houses.  The  total  surface  of  the  dockyard 
was  r>lj  acres.  The  foundation-stone  of  the  docks  wa« 
laid  by  the  late  Lor<l  Viscount  Melville  in  1815,  and 
the    works    then    connnenced    and    continued   without 
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iuteiTUjitioii  until  the  year  1826,  when  the  whole  were 
coinpleted. 

Their  (?xecutioii  was  attended  with  many  difficulties, 
and  neeessjirily  required  a  great  deal  of  Mr.  Rennie's 
care  and  attention.  The  foundations  were  a  soft  run- 
ninjj^  siind,  extending  to  an  almost  fathomless  depth. 
The  strong  cuiTents  flowing  past  the  place  rendered  it 
necessary  to  adopt  an  entirely  new  system  of  operations, 
wliidi  were  carried  out  to  an  extent  never  before 
attempted  in  so  exposed  a  situation.  That  forai  of  sea- 
wall was  devised  whicli  shoidd  most  effectually  i-esist 
tlic  strung  ju'essure  of  tlie  cuiTcnt,  and  the  hea\y  swell 
heating  upon  its  outer  side,  without  yielding  to  the 
lateial  pressure  or  thrust  of  the  water  of  the  basins 
and  the  eartli  by  which  it  was  backed.  At  the  same 
time,  the  weight  necessiiry  to  ensure  stability  must  not 
he  such  as  to  sink  vertically.  Mr.  Rennie  adopted 
the  means  to  secure  these  objects  which  he  had  era- 
})l()yed  with  sucli  success  at  Grimsby  Docks  in  1797, 
namely,  to  take  tlie  like  quantity  of  materials  as  would 
have  been  necessary  for  an  ordinaiy  wall,  and  dispose 
of  them  in  such  a  form,  that  the  Kiine  weight  should 
h(5  distributed  over  a  gi'eater  siu'face,  thus  diminish- 
ing tlie  vertical  pressure.  In  the  foundations  of  the 
walls  he  also  adopted  the  method  employed  by  him  in 
similar  works,  of  driving  the  piles  and  cutting  off 
their  heads  at  an  angle  hiclining  inwards,  or  towank 
th(^  laud  side,  laying  the  coui-ses  of  stone  at  the  same 
angle ;  by  which  a  greater  resistiince  was  offered  to 
the  [)iessure  of  the  earth,  and  the  building  was  pre- 
venteil  from  being  pushed  outwards,  as  was  more  or 
less  the  case  in  most  of  the  walls  built  on  the  old  con- 
struction. The  entrance  gates  to  the  great  basin  were 
also  ])lanne<l  and  executed  with  gi*eat  skill,  Mr.  Reuuie 
carrying  into  effect  the  sjune  simple  but  correct  prin- 
ci|>l<'s  laid  down  by  him  iu  his  report  on  the  Northfleet 
docks,  making  the  direction  of  the  entrance  suitable  to 
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the  current  in  tlie  Medway,  from  wliich  the  ships  entered 
the  port. 

The  coffer-dams  in  which  these  Cyclopean  walls  were 
built  demand  a  passing  notice  because  of  their  gigantic 
dimensions  and  the  great  depth  at  which  they  were 
placed,  not  less  than  from  27  to  28  feet  below  low  water 
of  spring  tides.  They  were  composed  of  four  rows  of 
piles  about  12  to  14  inches  square.  The  two  centre 
rows  were  carried  about  four  feet  above  the  level  of 
hi^h  water  of  the  highest  spring  tides,  and  were  driven 
from  20  to  30  feet  into  the  sea-bottom.  The  outer  and 
inner  rows  were  about  seven  feet  from  the  two  centre 
main  row^,  but  only  extended  up  to  the  level  of  the  half 
ti<le,  and  were  driven  from  15  to  20  feet  into  thegroimd. 
All  the  ]>ile8  were  hooped  and  shod  with  wrought 
iron,  finnly  bound  together  at  the  bottom,  middle,  and 
to]),  witli  timber  braces  and  wrought  iron  bolts  and  ties 
in  every  direction.  The  joints  were  caulked  with  oakum 
I'overed  with  pitch,  and  the  spaces  between  the  piles 
were  filleil  with  well-temj^ered  clay,  so  that  they  were 
as  nearly  water-tight  as  possible,  notwithstanding  tlie 
tremendous  weiglit  of  the  sea  outside  at  the  top  of 
every  tide.  Tiiough  the  dams  somewhat  changed  form 
by  this  pressure  and  inclined  inwards,  the  piles  were 
prevented  being  forced  in  that  direction  by  powerful 
counteracting  braces,  and  tlie  whole  stood  fast  until  the 
completion  of  the  work,  contrary  to  the  expectations  of 
many,  who  regarded  it  as  an  altogether  impracticable 
thing  to  construct  coffer-ilams  of  such  magnitude  in  so 
ex|)osed  a  situation,  where  the  pressure  to  be  resisted 
was  so  enonnous.  The  only  accident  which  occurred 
to  the  coffer-ilams  was  in  1820,  when  the  old  Bellerophon 
line  of  Uittle  ship,  which  had  been  anchored  outside  to 
break  the  swell,  was  forced  from  her  moorings  by  a 
tierce  storm  from  the  north-east,  and  driven  against  the 
piling,  a  large  extent  of  which  gjive  way,  and  the 
waters  rushe<l   in  ujxm  the  works.      Fortiumtely,  the 
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l)uil(lino*  of  the  wall  was  by  this  time  considerably  ad- 
vanced, so  that  no  great  damage  wa^  done.  On  the  fall 
of  the  tide  the  dams  Avere  repaired  without  diflicnlty, 
ajid  tlie  works  proceeded  to  completion. 

Among  Mr.  Rennie's  other  dock  works  may  be  men- 
tioned the  new  river-wall,  with  a  shij)-l)a>?in  and  two 
building-slips,  at  Woolwich  ;  the  new  dockyard,  laiilding- 
slij)s,  and  dry  dock  at  Pend)roke  ;  the  new  entrance  to 
Dcptford  ]Jasin ;  and  various  improvements  at  Chat- 
ham,^ Portsmouth,  and  Plymouth.     It  was  in  front  of 


iiioiis  ]ilaiis  was  that  ]»ro])nsctl  l\v 
him  I'ur  the  improvr-iufnt  i>t Chatham 
Otxkyanl.  He  saw  hiriio  sums  of 
mniicy  ex|'.oinl('<l  iVom  year  to  year 
ill  the  iiietVcetnal  patehinu-ni)  of  the 
tiltl  yanls,  with  little  jukhI  result ;  and 
he  Inn-saw  that  eventually  the  (ut- 
vcnimmt,  if  it  would  sceure  cflieieney 
ami  av(»id  waste,  must  fall  hack 
ujHinsonn'  such  jilanas  his  Xortlitleet 
l)«K:ks  tool  (tain  the  re<|uisite  eeounmy 
l»y  ennecntnitii.n  nf  d«K'kvaril   work. 


in  18 It*  ho  \vas  n^qutsttti  to  re- 
]K>rt  on  the  l>cst  mt-Ana  of  itn* 
proviTii:;  Chatliani  F^ocliyardt  ami 
apiiji  jxtiiittxl  out  the  ptait  lt*s  ta 
ilio  uution  hy  tjmintiiiniiijr  Mi;*  tuartv 
sejtfinito  yanlSj  all  of  which  wen! 
Iii4i:k^  tinkerttl  and  mended  at  tm 
enormous  ojt^t.  He  then  boldtj 
recifinnieridrd  t]iat  the  GnveniTiKnjt 
snouhi  s<.'li  i»ei>rior«i  i*<«ekyant, 
which  he  heM  tolK>  comixinitiveiy 
usi'less,  and  devote  the  j)n»cce*ls  t^ 
the  imnrovement  of  Chatlmm,  nlYer  the 
])lan  whieh  he  suhmitte*!.  It  consisttn) 
in  euttin^  a  new  channel  fi>»in  a  ]n»int 
in  the  river  Medway,  a  little  1h?1mw  1Ii>- 
ehester  Hridj^e,  to  another  ])oint  lower 
d«iwn  the  river  at  I'pnor  Castle,  thus 
straightening  its  channel,  inoR'asin^  its 
current,  and  conset^uently  ini]»n»viiii; 
its  dei)th.  Hy  this  simple  means  the 
whole  of  the  l>end  in  the  pn^sent  river 
would  1h'  converted  into  a  caj»aoi<^us 
wet  d<K*k,  extending::  alnnjr  the  wlii»le 
front    of  tlu^   di.»ckyani,  shut    in    l»v 
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tliis  last  port  that  Mr.  Rennie  constructed  his  cele- 
brated Breakwater,  of  which  we  next  proceed  to  give 
an  account. 


gates  at  either  end.  He  also  proposed 
to  make  another  cut  from  its  lower 
oml  t<»  join  the  Medway  at  Oilliug- 
ham,  where  there  is  ample  depth  of 
water  at  all  times  for  8hii«  of  the 
largest  himlen.  Lonl  Melville  was 
much  struck  with  the  simplicity  and 
at  the  same  time  tlie  comprehensive 
cliar.icter  of  the  ]>lan,  and  desiral  to 
have  an  estimate  of  the  cc^t,  which 
Mr.  lU-nnie  furnislKNl.  The  whole 
amount — including  land,  labour,  and 
materials — aceonling  to  the  engineer, 
WMuld  not  exa^etl  G85,000^,  against 
which  there  was  to  be  set  the  heavy 
annual  tx»st  for  m(M)rings  in  the  tide- 
way (wliicli  would  l)e  save«l)  or 
espial  t.»  a  capital  sum  of  20(\000/.  ; 
tlie  expense  of  watching  vessels  lying 
at  mo«»rings,  amounting  to  alnnit 
ir»,rK^»/.  a  year,  or  equal  to  a  capital 
sum  of  3(X),(XK)/. ;   and   the  amount 


realised  by  the  sale  of  the  disused 
dockyard  at  Deptford,  which  of  itself 
would  have  been  almost  sufficient  to 
defray  the  entire  cost  of  this  magni- 
ficent new  arsenal,  not  to  mention 
the  saving  in  the  steam  and  other 
vessels  employed  in  carrying  stores  to 
the  men-of-war  lying  in  ordinary  along 
the  course  of  the  Medway,  and  the  great 
despatch  and  economy  which  would 
have  been  secured  in  all  the  opera- 
tions connected  with  the  building, 
fitting,  and  repairs  of  ships.  The 
plan,  however,  was  too  comprehensive 
for  the  time,  and  was  not  adopted. 
Patching  is  still  going  on  at  Chatham, 
at  a  cost  far  exceeding  that  required 
to  carry  out  Mr.  Rcnnie's  design ;  but 
it  still  remains  to  be  seen  whether 
anything  like  the  same  amount  of 
concentration  and  efficiency  will  be 
secured. 
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ClIArTER    X. 

Plymouth  Bkeakwater. 

The  harbour  of  Plyinoutli  being  situated  at  the  entrance 
of  the  English  Chaimcl,  nearly  opposite  two  of  the 
principal  French  coast  arsenals,  has  always  been  re- 
gcircled  as  a  naval  station  of  national  importance.  Tlie 
great  area  of  the  Sound,  its  depth  of  water,  and  its  con- 
nection with  the  two  spacious  and  secure  inner  harbours 
of  Hanioaze  and  Catwater,  admirably  fit  it  for  such  a 
purj)ose.  The  Sound  is  more  than  three  miles  wide  in 
all  directions,  and  includes  an  area  of  about  four  thou- 
sand acres,  with  a  dei)th  of  water  varying  from  foxu*  to 
twenty  fathoms  at  low  water  of  spring  tides.  Its  shores 
are  bold  and  picturesque,  rising  in  some  places  in  almost 
perpendicular  cliffs  ;  in  others,  as  at  Moimt  Edgcumbe, 
the  land,  clothed  with  the  richest  verdure,  slopes  gently 
down  to  the  high-water  line. 

The  only  natural  defect  of  the  haven — ^and  it  was  felt 
to  be  a  serious  one — was  that  the  Sound  lay  open  to 
the  south,  and  was  consequently  exposed  to  the  fiiry 
of  the  gales  blowing  from  that  quarter  during  the 
eijuinoxes.  The  advantages  presented  by  its  excellent 
anchorage  and  great  depth  of  water  were  thus  in  a  con- 
siderable degree  neutralized,  and  the  cases  were  not 
unfrecpient  of  large  vessels  being  forced  from  their 
moorings  during  storms,  and  driven  on  shore. 

From  an  early  period,  therefore,  the  better  protection 
(»f  the  outer  harbour  of  Plymouth  was  deemed  to  be 
a  matter  of  much  importance,  and  various  plans  were 
})r()p()sed  Avith  that  object.  One  of  these  was,  to  carry 
out  a  ])ier  irom  near  Penlee  Point,  at  the  south-western 
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entrance  to  the  Sound,  for  a  distance  of  above  3000 
feet,  into  deep  water ;  another  was,  to  construct  a  pier 
several  thousand  feet  long,  from  Staddon  Point  to  the 
Panther  rock ;   and  a  third  contemplated  a  still  more 
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extensive  pier,  of  above  8000  feet  in  length,  extending 
westward  into  deep  water,  from  the  south-eastern  en- 
traiK-e  to  the  Soimd.  While  the  question  was  under 
diHi'UHsion,   the   Ix)rds  of  the   Admiralty   called  upon 
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Mr.  Rennie  to  report  upon  these  seveml  *  plans,  and  to 
advise  tliem  what,  in  liis  opinion,  was  the  l)est  course 
to  be  pursued.  In  his  preliminary  inquiry,  which 
was  of  the  most  thorough  kind,  ho  was  assisted  l>y 
Mr.  Josepli  Wliidbey  and  Mr.  James  Hemmans.  Mr. 
Wliidbey  had  been  a  sailing  master  in  the  Royal  Nav\% 
and  was  a  most  able  and  meritorious  officer.  He  had 
sailed  round  the  world  with  Vancouver,  and  rai^3ed 
liimself  from  the  station  of  a  man  before  the  mast  to 
the  highest  position  a  non-commissioned  officer  could 
reach.  His  varied  experience  had  produced  rich  fruits 
in  a  mind  naturally  robust  and  vigorous.  As  might  be 
exj^ected,  he  Avas  an  excellent  seaman.  He  was  also  a 
person  of  considerable  acquaintance  with  practical  science, 
and  had  acquired  from  experience  a  large  knowledge  of 
liuman  natiu-e,  of  a  kind  that  is  not  to  be  derived  from 
books.  He  was  afterwards  raised  to  the  office  of  Master- 
Attendant  at  Woolwich  Dockyard,  and  was  greatly  be- 
loved and  res])ected  by  all  Avho  knew  him.  Mr.  Hemmans 
was  Master-Attendant  of  Plymouth  Dockyard,  and  pos- 
sessed an  intimate  j)ractical  knowledge  of  the  locality, 
which  proved  of  nmch  value  in  the  course  of  the 
investigation. 

Tlie  result  of  Mr.  Rennie's  careful  study  of  tlie  object 
to  be  acconqDlished,  and  the  best  mode  of  ftdfilliiig  the 
recpiirements  of  the  Admiralty,  w^as  embodied  in  the 
rei)ort  presented  l)y  him  on  the  22nd  of  April,  180G. 
He  lliere  expressed  himself  of  opinion  that,  of  the  three 
2)]ans  whicli  had  been  proposed,  that  of  a  pier  ex- 
tending westA\'ard  from  Andurn  Point,  near  the  Shag- 
stone,  at  the  south-eastern  extremity  of  the  Soimd,  was 
the  best ;  but  even  that  was  objectionable,  as  calculated 
to  p]-c)duce  slioaling  of  the  harbour  by  favouring  the 
de])0sit  of  silt, — a  process  which  was  then  going  on, 
and  which  it  was  most  desirable  to  prevent.  '  Looking 
at  the  main  object  of  the  ])roposed  work,  which  was  to 
rendei-    the  Sound  a  siife  haven  for  vessels  riding  at 
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anchor  there,  as  well  as  to  increase  the  security  of  Ply- 
mouth inner  harbour,  he  considered  that  another  method 
miglit  be  adopted,  witli  greater  certainty  of  success,  at 
much  less  cost,  and  without  any  risk  of  silting  up  the 
entrance  of  the  harbour. 

It  may  here  be  explained  that,  in  its  original  state, 
there  were  three  channels  of  entrance  into  the  Sound  : 
one  on  the  west  side,  3000  feet  wide,  between  the  Scot- 
tish Ground  rocks  and  the  Knapp  and  Panther  rocks ; 
another,  on  the  eastern  side,  1800  feet  wide,  between 
the  sliore  and  the  Tinker,  St.  Carlos,  and  Shovel 
nK'ks;  and  a  third  in  mid  channel,  also  about  1800  feet 
wide,  which  was  rarely  used,  being  through  dangerous 
rocks  on  eitlier  side.  Any  works  which  might  be  con- 
structed across  this  middle  channel,  it  appeared  to  Mr. 
liennie,  would  be  of  no  detriment  to  the  navigation 
of  the  Sound.  On  the  other  hand,  by  narrowing  the 
jKissage  through  which  the  tidal  waters  flowed  in  and 
out,  the  tendency  would  be  to  increase  the  scour,  and 
consecjuently  to  dee})en  the  two  remaining  channels — 
an  (►l)ject  only  second  in  importance  to  the  protection  of 
the  harl)our  itself.  His  plan,  accordingly,  was  to  form 
a  breakwater  across  this  mid<lle  channel  by  throwing 
into  the  sea  large  angular  blocks  of  rubble,  of  from 
twi)  to  twelve  tons  each,  leaving  them  to  find  their  own 
Kisc,  and  to  ccmtinue  this  process  until  a  sufficient  mass 
had  bijcn  raised  to  the  level  of  half-tide,  so  as  to  make 
a  r'u\ix^\  about  70  yards  broad  at  the  base  and  10  yards 
at  the  to]),  these  dimensions  to  be  aftei*wards  varied 
and  increased  according  to  circumstances.  He  proposed 
that  the  Breakwater  should  be  of  a  total  length  of  5100 
feet  ;  of  which  .'{OOO  feet,  forming  the  central  part,  was 
to  U-  in  a  straight  line  across  the  Sound,  and  1050  feet 
at  either  end  inclined  inwards  at  an  angle  of  IGO 
degrees.  It  was  also  j)roi)osed  to  run  out  a  ])ier  of  2400 
feet,  in  two  arms,  from  Andurn  Point,  at  the  south- 
eastern   entrance    to    the   Sound,   but   this  jxirt   of  the 
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desiorii  was  not  earned  into  effect.  Tlie  total  esti- 
mate  of  cost,  including  the  Point  Andurn  pier,  was 
1,102,440/. 

The  formation  of  breakwaters  by  a  similar  proce,ss 
had  been  practised  from  an  early  period ;  and  by  such 
means  tlie  moles  of  A'enice,  Genoa,  Rochelle,  Cherbourg:, 
and  otlicr  jmrts,  liad  been  fonned.      Mr.  Ronnie  had 
himself  adojDted  the  same  method  in  forming  the  har- 
bours of  HoA^^h,  Kingstown,  and  Holyhead ;   and  the 
success   which   liad   followed   his    operations   at   those 
places  left  no  doubt  in  his  mind  as  to  the  practic:ibility 
of  constructing  an  efficient  breakwater  across  Plymouth 
Sound,  though  its  situation  was  admitted  to  be  much 
more  difficult.      Mr.  Pennie   considered   that   a   ridge 
of  rough,  heavy  stones  would  be  the  simplest  and  least 
costly,  as  it  would  probably  be  found  the  most  efficient, 
plan  of  protection  that  could  be  devised.     By  throwing 
in  the  blocks  in  the  given  line,  and  allowing  the  waves 
by  their  own  action  to  form  the  slo}:)e  or  angle  of  repa^ 
at  which  the  materials  would  lie,  the  exi)enditure  of  an 
infinity  of  labour  and  money  would  be  avoided.    In  this 
kind  of  work  he  held  that  success  was  to  be  secured  by 
following  the  laws  of  nature ;  and,  with  reference  to  the 
proper  slope,  his  own  exi)ression  was  that  "  the  waves 
were  the  best  workmen." 

The  report  in  which  Mr.  Rennie  embodied  these  re- 
commendations excited  great  interest  amongst  naval 
men,  and  led  to  much  discussion.  Many  pronounceil  the 
s(!heme  to  be  visionary  and  impracticable;  and  it  was 
alleged  that,  even  if  it  could  be  executed,  such  a  work- 
would  prove  altogether  useless.  Others  held  that  it 
would  destroy  the  Sound  for  purposes  of  navigation,  and 
lead  to  its  complete  silting  up ;  whilst  a  greater  number 
criticised  and  condemned  it  in  its  details.  Amongst 
otlier  critics,  one  of  the  most  scA^ere  was  the  late  General 
Sir  Samuel  lientham,  a  brother  of  Jeremy  the  philosopher, 
who  strongly  reconnnended   a   plan  of  his    own,  con- 
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sistiiig  of  one  hundred  and  forty  wooden  towers,  with 
stones  sunk  between  them  in  a  double  line.  Five  years' 
controversy  thus  passed,  and  numerous  designs  were 
prepared,  submitted,  and  considered,  all  of  which  w^ere 
referred  to  Mr.  Kennie,  who  still  remained  as  firmly 
satisfied  as  ever  of  the  expediency  of  his  design,  and 
vindicated  its  superiority  to  all  others  which  had  been 
pro])osed.  At  length  the  Lords  of  the  Admiralty  were 
won  over  to  his  views,  as  well  as  Earl  St.  Vincent,  Lord 
Keith,  and  many  other  leading  naval  officers.  Lord 
Melville  was  then  at  the  head  of  the  Admiralty,  and  when 
lie  had  Ijccome  fully  j)ersuaded  as  to  the  merits  of  Mr. 
Hennie's  [)lan,  and  ascertained  that  there  wa«  a  growing 
unanimity  of  opini(m  in  its  favour,  he  exerted  himself 
strenuously  to  have  it  cjirried  into  efibct. 

The  result  was,  that  an  Order  of  Council  w^as  issued 
on  the  22nd  June,  1811,  by  which  the  requisite  powers 
were  given  to  jnoceed  with  the  works.  Mr.  Kennie 
was  aj)[X)inted  engineer  in  chief,  and  Mr.  Whidbey  resi- 
dent engineer,  with  Mr.  William  Stewart  as  assistiint. 
It  was  very  difficult  to  find  contractors  willing  to  under- 
take the  execution  of  a  work  of  so  novel  and  extensive 
a  character,  excej)t  at  prices  which  the  engineer  could 
iHit  sjinction  ;  and  it  was  therefore  determined  only  to 
eontract  for  the  labour  of  the  several  ()j)erations  in  detail, 
s<i  that  theie  might  be  an  oj>portunity  for  revising  the 
scale  of  j)rices  from  time  to  time,'  iha  Government  under- 
taking to  find  the  rerpiisite  plant  and  materials.  A 
piece  of  ground  was  purchased  from  the  Duke  of  Bed- 
ford at  Oreston,  up  the  Catwater,  containing  twenty-five 
acres  of  limestone,  well  adapted  for  the  ])urposes  of  the 
work  ;    and  stei)s  were  taken  to  ojxin  out  the  (piarry, 


•  The  prn|.ruty  nf  tliis  arran;4<  iiuiit  '    rcnlucxHi    to    \x.  \m*t  ton,  a«    the  a>n- 

w.tH  proviti  l.y  the  tact,  that  wlierwis  tractora  and  workmen  became  better 

th«  \>tux'  |ai«l  in  1812  for  taking  and  I    ac(iuaint4.tl   with    the   nature  of  the 

d«j-*itinj;  nibble  in  the  Brwik water  work, 
waj*  2i«.  U</.  |>er  ton,  it  waa  afterwards 

VOL.  II.  8 


258  PLYMOUTH  RllEAKWATER.  Part  VII. 

to  lay  down  railways  to  the  wharves,  to  erect  cranes,  to 
build  vessels  suitable  for  conveyance  of  the  stone,  and 
to  provide  the  various  appliances  required  for  carrying 
out  the  undertaking. 

On  the  12th  of  August,  1811,  the  birthday  of  the 
Prince  Regent,  the  first  stone  of  the  main  ridge  was 
deposited  on  the  Shovelbank  rock,  nearly  in  the  centre 
of  the  work.     Lord  Keith,  commander  of  the  Channel 
Fleet,  was  present,  attended  by  the  chief  naval,  mili- 
tary, and  civil  authorities  of  the  port,  together  witli 
the  staff  and  men  of  the  building  establishment.     From 
this  time  foi-ward  the  operations  were  carried  on  with 
every  despatch  when  weather  would  permit,  l>egiiining 
at  the  centre  and  working  towards  the  extremities.     The 
lines  of  the  Breakwater  were  carefully  marked  out  by 
buoys,  to  which  the  barges  laden  with  the  stone  blocks 
were  attached  whilst  they  were  being  emptied  into  the 
sea ;  after  which  they  retiuned  to  the  quarry  wharves, 
about  five  miles  distmit,  for  fresh  cargoes.     For  nearly 
two  years  this  process  of  emptying  in  the  rubble  pro- 
ceeded, until  in  March,  1813,  portions  of  the  work  began 
to  be  visible  at  low  water,  and  by  the  end  of  July  there 
appeared  a  continuous  line  of  about  720  yards.     By  tlie 
month  of  March  in  the  following  year  the  ridge  had  been 
so  raised,  that  its  effect  in  tnanquillizing  the  waters  of  the 
Sound  during  violent  south-w^esterly  gales  was  very  con- 
siderable, and  vessels  of  all  classes  sought  its  protection, 
and  came  to  anclior  behind  it  with  perfect  confidence. 
The  Admiral's  ship  on  the  station,  the  Queen  Charlotte^  of 
120  guns,  had  been  accustomed  heretofore  to  ride  in 
Cawsiind  Bay ;  but  it  was  now  brought  to  an  anchor 
under  the  lee  of  the  Breakwater.     Among  other  vessels 
whicli  took  shelter  there  in  1814  was  a  large  French 
three-decker,  which  rode  out  a  severe  gale  in  safety. 
The  year  after,  when  Napoleon  entered  Plymouth  Sound 
on  board  the  BeUtraphon^  he  expressed  himself  in  such 
terms  of  the  work,  as  gave  Mr.  Kennie  much  gratifiea- 
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tion  on  the  ex-Emperor  s  expressions  being  communi- 
cated to  him. 

By  the  11th  of  August,  1815,  not  less  than  615,057 
tons  of  stone  had  been  deposited,  and  a  length  of  1100 
yards  was  raised  above  low  water  of  spring  tides.  The 
complete  success  of  the  work  was  now  beyond  dispute, 
and  exceeded  the  most  sanguine  anticipations.  Even 
the  most  sceptical  became  convinced  of  its  great  practical 
utility,  and  many  who  had  before  offered  vehement 
opposition  to  its  being  begun,  became  clamorous  for  its 
completion  on  even  a  larger  scale  than  Mr.  Rennie  had 
originally  intended.  And  it  was  at  length  determined 
by  the  Admiralty,  after  advising  with  the  engineer,  to 
carry  the  whole  Breakwater  twenty  feet,  instead  of  ten 
feet^  above  the  level  of  low  water  of  spring  tides. 
Whilst  the  original  plan  of  Mr.  Rennie  was  calculated 
to  afford  complete  security  to  the  larger  class  of  vessels, 
this  addition  to  its  height  doubtless  gave  more  adequate 
protection  to  the  smaller  craft.  The  finishing  of  the 
work  above  the  low  water  line,  however,  involved  a 
more  expensive  kind  of  workmanship ;  for  the  greatest 
force  of  the  waves  is  exercised  between  the  lines  of  high 
and  low  water.  Hence  it  became  necessary  to  render 
this  upper  part  of  the  Breakwater  so  strong  as  to  present 
the  greatest  possible  amount  of  resistance.  Mr.  Rennie 
HUfTgestcd  the  propriety  of  increasing  the  seaward  slope 
to  about  5  to  1,  so  as  to  give  greater  strength,  and 
prcHcnt  an  increased  resistance  to  the  force  of  the  waves. 
But  this  recommendation  was  ovemded  for  the  time, 
and  the  work  proceeded.  No  estimate  of  the  additional 
cost  was  asked  for,  and  the  operations  were  continued 
without  intermission,  the  stone  blocks  being  deposited 
at  the  rate  of  1030  tons  a-day  during  the  year  1816 — 
a  greater  average  than  has  since  been  accomplished  in 
cjirrj'ing  out  any  similar  work,  notwithstanding  the 
improved  modem  appliances  of  stages  provided  with 
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steam  power  and  railways  worked  by  powerful  locomo- 
tive.s.^  Towards  tlie  end  of  the  year  about  300  yards  of 
the  west  end  of  the  Breakwater  had  been  raised  to  the 
full  lieight  of  two  feet  above  high  water,  and  20  feet 
above  low  water  of  spring  tides. 

Success,  as  usual,  produced  over  confidence ;  and  the 
authorities  on  the  spot,  believing  that  if  tlie  sea  slope 
of  the  rubble  were  roughly  put  togetlier  at  an  inclination 
of  3  to  1,  it  would  present  sufficient  resistance,  os  well 
as  in  order  to  reduce  the  expense,  directed  it  to  be  so 
executed.  But  about  this  time  a  succession  of  severe 
gales  set  in  fiom  the  south-west  and  sent  a  tremendous 
sea  upon  the  Breakwater,  especially  one  of  great  vio- 
lence which  occurred  on  the  17th  of  January,  1817. 
On  examining  the  work,  after  the  return  of  moderate 
weather,  it  Avas  ascertiined  that  a  length  of  about  200 
yards  of  the  rubble  of  the  upper  pirt  had  been  dis- 
placed or  deranged, — that  several  blocks  of  stone,  varj'- 
ing  from  two  to  five  tons,  had  by  the  forc^  of  the  waves 
been  thrown  over  from  the  south  or  sea  slope  to  the 
north  or  land  slope, — and  that  their  fiurther  eflTeet  liad 
been  to  increase  the  inclination  of  tlie  former  to  5^  to  1 
instead  of  3  to  1,  as  it  had  originally  stood.  Never- 
theless, the  great  mass  of  the  Breakwater  remained 
unmoved,  and  large  numbers  of  vessels,  availing  tbeui- 
selves  of  the  secure  protection  which  it  provided,  had 
been  enabled  to  ride  out  the  storm  in  safety.  Unfor- 
tunately, however,  the  Jcu^per  sloop  of  wnr  and  the 
TeUujraph  schooner,  anchored  without  the  line  of  pro- 
tection, were  driven  on  shore  and  wrecked  under  tlie 
citadel,  when  a  melancholy  loss  of  life  took  place. 

Mr.  Rennie  was  of  opinion  that  this  storm  had  been 


•  'I'liu  liu|;i'8t  quantity  of  stoiic  tUj- 
p».siti'<l  ill  ono  year  was  in  18*J1, 
when  nut  Ichs  tlian  373,773  tons  were 


([uarricil,  lightered,  oiid  emiitied  iuto 

tlio  work. 
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of  service  by  forcing  the  stones  together  and  con- 
solidating the  work  more  firmly.  His  recommendation 
as  to  the  necessity  of  increasing  the  seaward  slope  having 
been  so  singularly  confirmed  by  the  action  of  the  waves, 
he  now  advised  that  it  should  be  allowed  to  remain  as 
left  by  the  storm  of  the  17th,  and  tliat  the  rest  of  that 
face  of  the  Breakwater  should  be  made  uniform  with 
it.  It  would,  however,  appear  that  Mr.  Whidbey,  the 
resident  engineer,  contrived  to  finish  most  of  the  ex- 
terior face  at  a  slope  of  only  3  to  1,  as  before;  and 
thus  it  stood  without  any  material  interruption  until 
several  years  after  Mr.  Rennie's  death.  By  that  time 
nearly  the  whole  of  the  intended  rubble,  amounting 
to  2,381,321  tons,  had  been  deposited,  and  the  main 
arm,  with  200  yards  of  the  west  arm,  making  1241 
yards  in  length,  had  been  raised  to  the  required  level. 
The  work  had  arrived  at  that-  stage  when  it  had  to 
experience  the  full  force  of  another  terrific  storm, 
which  took  place  on  the  23rd  of  November,  1824.  It 
blew  at  first  from  the  south-south-east,  and  then  veered 
round  to  the  soutli-west;  and  the  effect  of  this  concur- 
rencHi  of  winds  was  to  heap  together  the  waters  of  the 
Channel  l)etween  Bolt  Head  and  Liziird  Point,  and  drive 
tlicm  with  terrible  force  into  the  narrow  inlet  of  Ply- 
mouth Sound.  This  storm  was  not  only  greatly  more 
violent,  but  of  much  longer  duration,  than  that  of  1817. 
When  the  Breakwater  could  be  examined,  it  was  found 
that,  out  of  the  1241  yards  of  the  upper  part  which  had 
l»een  completed  with  a  slope  of  3  to  1,  796  yards  had 
lieen  altered  as  in  the  previous  storm,  and  the  immense 
McK-ks  of  stone  which  formed  the  sea  face  of  the  work 
had  by  the  force  of  the  waves  been  rolled  over  to  the 
landward  side,  thus  reducing  the  sea  slope  as  before  to 
aliout  5  to  1.  The  accuracy  of  Mr.  Rennie's  view  as  to 
the  proper  slope — which  was  indicated  by  the  action  of 
the  sea  itself — was  thus  a  second  time  confirmed ;  and 
the  KJime  view  having  been  taken  by  the  eminent  engi- 
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iioers  ^  wlio  were  ciiUed  upon  to  make  an  inspection  of 
the  work,  mid  to  report  as  to  the  best  means  of  rendering 


iLY:UoLTi:  BKEAKWATER. 
[   y  Ivtrcival  .-Ic  I'.cn.  after  his  ori§irud  DrMrmA.]] 


it  i)ornianently  secure,  it  was  determined  to  make  the 
I)ermaiient  slope  of  the  sjinie  inclination,  and  the  works 
were  so  axrried  out  accordingly."     Tlie  total  quantity  of 


'  Thoso  were  Mr.  Teltbixl,  Mr. 
.Itwias  .J(.'ssi»i>,  Sir  .1.  Reiiuio,  ami  Mr. 
(I.  Iii'iinic.  Vi)V  u\*.trv  full  iwrticulars 
as  to  llii>  history  an«l  construction  of  tlio 
IJrcakwatcr,  wc  refer  the  readier  to  Sir 
John  Iiennie's  rlalninite  wt>rk  entitled 
*An  Historical,  Practiail,  and  Tluv.- 
rt'tical  A<x-ount  of  the  J  breakwater  in 
Plymouth  Siamd.*     Ixmdon,  1848. 

-  The  slojH'S  wen'  ])aveil  witli 
l»l(K;ks  of  the  lar^^cst  stone,  firmly 
wedm'd  to^rther;  the  centre  line  was 
removed  .'JU  tcet  further  seawards; 
the  top  witlth  was  reduce<l  5  feet; 
a  s1ron;4  hindin*;  onn-se  of  dovetailetl 
uranite  masonry  was  Iniilt  at  the  U)t- 
t^im  of  tiie  sea  sIo|m.',  which  was  laid 
t>nc  f<M»t  convex  frnin  the  l»ottoni  to 
the  top;    whilst  the  laml  sIojk.'  was 


laid  with  close-fitting  nibble  at  the 
incliimtiou  of  2  to  1.  It  was,  how- 
ever, found,  in  the  a>ursc  of  the  work, 
that  the  rough  pavin^^  of  the  nibUc 
alone  was  scarcely  strong  cnougli  to 
withsUmd  the  violence  of  the  wavi'S 
without  a  certain  degree  of  yicldui};; 
and  Sir  J.  Renuic,  having  been  cun- 
sultx-d  by  the  Admiralty,  rcoom- 
miaidiHl  that^  in  addition  to  the  ^ni- 
nite  Uiseinent  binding  course,  tlierr 
should  be  another  similar  ooune  both 
in  the  centre  and  at  the  top  of  the 
sea  8U)])e;  and  that  the  remainder 
should  be  ])aved  with  rough-dresse«l 
liniestouc  ashlar,  set  in  oounra  at 
ri^ht  an«;les  to  the  slo|)e,  about  three 
feet  deep  on  the  avemj*e — each  ooutm.* 
binding;  lx>nd  well  with  the  cue  ad- 
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rubble  deposited  to  the  end  of  1848 — when  the  work 
may  be  said  to  have  been  completed — was  3,670,444  tons, 
l)esides  22,149  cubic  yards  of  masonry,  or  an  amount  of 
material  at  least  equal  to  that  contained  in  the  Great 
Pyramid.  The  whole  cost  of  tliis  magnificent  work  was 
about  a  million  and  a  half  sterling,  including  a  conve- 
nient and  spacious  watering  place  at  Bovesand  Bay. 

As  forming  a  convenient  and  secure  haven  of  refiige 
for  mercliant  sliips  passing  up  and  down  Channel,  along 
the  great  highway  between  England,  America,  and 
India — as  a  capacious  harbour  for  vessels  of  war,  wherein 
fifty  ships  of  the  line,  besides  fiigates  and  smaller  vessels, 
cjui  at  all  times  find  safe  anchorage — Plymouth  Break- 
water may  in  all  respects  be  regarded  as  a  magnificent 
work,  worthy  of  a  great  maritime  nation. 


jaceut, — the  lower  parts  of  the  pTinitc 
boiKiiug  courses  being  laid  level,  but 
tlie  upjHT  i>artij  lormiug  part  of  the 
slope.  H  was  still  found  that  there 
was  a  difticulty  in  preventing  the 
outer  e<lge  or  base  of  the  sea  slojx?, 
where  the  main  lower  granite  bomling 
courses  were  placeii,  from  lx*ing  under- 
minc«l  by  the  wavt-s ;  and  it  was  dc- 
UrmiiKtl  to  i»]ace  a  trenchinj;  or  fore- 
>hMrr  (»n  tin-  outside  of  the  sea  s\o\k\ 
40  itxi  wide  in  the  a'litre  of  the 
Brt-ak  water,  inerejising  to  50  fwt  wide 
at  the  conunencement  of  the  western 
arm,  and  diminishing  towards  the 
rast^ni  ann  to  the  width  of  oidy 
.'JO  U'i't.  'ill is  foreshore  wiis  about 
2  fdtt  'dU}Vv  the  level  of  low  water 
of  spring:  i'uU-H  next  to  the  toe  or 
Ittse;   and    the   surface   was   roughly 


paved  with  rubble  well  wedged  toge- 
ther. The  whole  of  the  alope  was 
paved  with  well-dressed  courses  of 
ashlar  masonry  without  mortar,  3  feet 
6  inches  deep,  well  bedded  down 
iijwn  the  rubble  below.  The  ex- 
tremity of  the  western  arm  was  fur- 
nished with  a  solid  head  of  circular 
masonry,  75  feet  diameter  at  the  top, 
with  8lo[)es  of  5  to  1  all  round.  At 
the  jMiint  at  which  the  lighthouse  has 
since  been  placet!,  an  inverted  arch  of 
solid  blocks  was  formed,  the  whole 
well  bonded,  dovetailed,  and  dowelled 
together,  and  firmly  united  with  the 
otlier  I  arts  of  the  solid  rock.  These 
works  answered  admirably,  and  Ply- 
mouth Breakwater  now  rests  as  firm 
as  a  rock  upon   the  bottom  of  the 


;F  THE    bKCAKWAllr.il   AH   KINI3I1EI'' 


2(M  HENNIE'S  LAST  WORKS—  Part  VIT. 


CHAPTER   XI. 

Mr.  Renxie's  Last  Works — His  Death  and  Character. 

Ox  undertiikings  siicli  as  these,  of  p^reat  inapfnitude  and 
importance,  was  Mr.  Heniiie  eiif^ged  until  the  close  of 
his  useful  and  laborious  life.  There  was  scarcely  a  pn>- 
ject  of  any  large  jnihlic  work  on  which  he  was  not 
consulted ;  sometimes  furnishing  the  })lans,  and  at  other 
times  revising  the  designs  of  others  which  >vere  sub- 
mitted to  him.  Numerous  works  of  minor  imix)rtaiice 
also  occupied  much  of  his  attention,  as  is  fihowii  by 
the  extent  of  his  correspondence  and  the  number  of 
his  reju^rts,  which  contain  an  almost  complete  rei30si- 
tory  of  engineering  practice.  Whilst  he  was  engager! 
in  designing  and  superintending  the  construction  of 
his  great  London  Bridges,  the  formation  of  Plymoutli 
Breakwater,  the  building  of  the  do<iks  at  Sheemess, 
the  cutting  of  the  Crinan  Canal,  and  the  drainage  of 
the  Fens  by  the  com])letion  of  the  Eau  Brink  Cut, 
he  was  at  the  same  time  consulted  as  to  many  im- 
])ortant  schemes  for  the  su})ply  of  large  towns  with 
water.  His  report  on  the  distribution  of  the  water 
su])])ned  by  the  York  Buildings  Coni}3any  in  the 
Strand— in  which  he  pro])osed  for  the  fii-st  time  to 
appropriate  a  distinct  service  to  the  scvei'al  quarters 
of  the  distri(,*t  supplied — was  a  nuisterpieee  in  it** 
way ;  and  the  principles  he  then  laid  down  have  l)eeu 
generally  followed  by  subsequent  cngineei's.  He  also 
ri?port(Ml  on  the  im|)roved  water-supply  of  Manchester, 
Kdinbuigh,  Bi'istol,  Lee<ls,  Doncaster,  Greenwich  and 
Deptford,    and   miiny    other    large    towns   in    England 


Chap.  XI. 


VARIOUS  MACHINKHY. 


265 


and  Scotland,  as  well  as  in  the  colonies  and  in  foreign 
countries.* 

In  addition  to  the  various  mills  and  manufactories 
fitted  up  by  him  with  new  and  improved  machinery,  we 
may  mention  that  he  advised  the  Bank  of  England  on 
the  subject  of  the  more  rapid  manufacture  of  bank  notes 
by  the  employment  of  the  steam-engine  ;  and  he  entirely 
re-arranged  the  Government  machinery  at  Waltham 
for  the  better  manufacture  of  gunpowder.  He  erected 
the  anchor-forge  at  Woolwich  Dockyard,  considered  to 
be  the  most  si)lendid  piece  of  machinery  in  its  day ;  he 
supphcd  Baron  Fagel  (then  Dutch  minister  in  this 
country)  with  designs  of  dredging-engines  for  clearing 
the  mud  out  of  the  rivers  and  canals  of  Holland ;  and 
he  designed  and  constructed  the  celebrated  machinery  for 
nuiking  ropes  according  to  Captain  Huddart's  patent.^ 


Mil  1S17,  his  £ame  having  gone 
abniati  as  the  nmst  skilled  water  en- 
gineer of  the  ihiy,  Captain  Dufour,  of 
Geneva,  came  tu  England  for  the  pnr- 
jM»*<'  of  c^msulting  him  :i.s  to  the  ex- 
teiisiion  and  improvement  of  the  water- 
works of  that  city.  Captain  Dufour 
wtLs  intnuluced  to  Mr.  Kennie  hy  the 
mutiuil  friend  of  Iwth,  the  eminent 
l>r.  WoUaston.  Mr.  IJennie  made  a 
ciin-hd  and  <letaiU\l  rei)ort  on  the 
s^r^•♦•ys  and  plans  .sul»mitt<'<l  to  him, 
«->*I*rially  on  the  engine  and  pumpin;^ 
!u<u  hintn*  of  the  prr)pis<Hl  works; 
and  lii.H  iiilvice  w:ls  followtnl,  very 
much  to  the  mlvantii^e  of  the  citizens 
of  tirrirva. 

•  C'a|.tain  .T<»s<'ph  Iluddart,  F.H.S., 
was  a  Mhizularly  estimable  character. 
!!«■  v^.u*  a  man  «*f  grrat  nautiail  ex- 
inrirna*,  sound  judgment,  and  excel- 
i»  lit  skdi  iiA  a  mtvhanic  and  en-^inetT, 
an«l  wji-s  MtirnconKulti^^l  hy  Mr.  nennie 
nt  nhnnc*'  to  marine  works  of  nuire 
than  itrdinapk'  im|>ortance.  Hlh  origin 
wiLH  liundile,  like  that  of  so  many  of 
tin-  esirly  engineers;  and,  hke  them 
alj*o,  lie  w.'w  ilrawn  to  the  pursuit  hy 
thf  tMrti-  i.f  his  p*niuH,  rather  than  hy 
th«'  intuliar  dinttion  of  his  e<lucation. 
Il«-  \\:u*  Uim  at  Allonhy,  in  CuuiIkt- 


land,  in  1740,  the  son  of  a  shoemaker 
and  small  farmer.  From  his  mother 
he  inherite<i  a  determine<l  spirit  and  a 
vigorous  constitution,  combined  with 
sound    moml    principles,    which    lie 


\4i\' 


nobly  iUu.strate«l  in  his  life.  He  rc- 
ceive«l  an  ordinary  share  of  cnlucation 
at  the  common  scho^d  of  his  village, 
to  which    he   juldnl  a  knowh»dge  of 
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In  liis  capacity  of  advising  engineer  to  the  Admiralty, 
Mr.  Rennie  embraced  every  opportunity  wliich  his  posi- 


niatliemiitics  and  astronomy,  obtaintKl 
IVom  the  iH)U.  of  his  teacher,  who  had 
studied  these  branches  at  Glasgow 
University.  He  stH.*ms  to  liave  been 
an  indefatigable  learner,  for  he  also 
acquired  some  knowledge  of  music 
from  an  itinerant  music-teacher,  whom 
he  very  shortly  outstripiK^l.  His 
mechiuiical  tastes  early  dlsplayeil 
themselves.  Watchhig  some  mill- 
wrights employed  in  constructing  a 
tlour-mill,  he  copied  the  machinery 
which  they  erected,  in  a  model  which 
he  tinished  as  they  complet^l  their 
mill.  He  also  made  a  model  of  a 
74-gun  ship,  aft<?r  the  drawings  given 
in  Mungo  Murray's  *  Treatise  on  Navi- 
gation and  Shipbuilding,'  which  he 
was  so  Ibrtunate  as  to  fall  in  with. 
At  an  early  age  he  was  employed  in 
herding  his  father's  cows  on  a  hill-side 
overlooking  the  Solway  Frith,  and 
commanding  a  view  of  the  coast  of 
Sc<.)thind.  There  he  took  Ins  l)Ooks, 
with  a  desk  of  his  own  makhig,  and 
while  not  forgetthig  the  ciittle,  em- 
ployed himself  in  reading,  drawing,  and 
mathematical  studies.  When  a  little 
older,  his  father  set  him  on  the  cob- 
bler's st«.K)l,  and  taught  him  shoe- 
making,  though  the  iK)y*s  strong  in- 
clination was  to  be  a  siiilor.  But 
large  slK»als  c»f  herrings  making  their 
app<arance  alxmt  this  time  in  the 
Sol  way  Frith,  a  snudl  lishing  C4>m- 
|)iuiy  was  startcnl  by  the  A  Hon  by 
IH'ople,  in  which  his  father  had  a  share, 
and  young  Huddart  was  sent  out 
with  the  boats,  very  nnich  to  liis 
delight.  He  now  began  to  study 
navigation,  carrying  on  slKwmaking 
in  tlie  winter  and  herring-fishing  at 
the  time  the  shoals  were  on  the 
Coast,  (.hi  the  death  of  his  father,  he 
succee<le<l  to  his  share  in  the  lishery, 
and  took  the  command  of  a  sI(H)]) 
employed  in  c^inying  the  herrings  to 
Ireland  for  sale.  During  his  voyages 
he  applied  himsrlf  to  cliart-making, 
and  his  ehart  of  St.  (ieorge's  Cliannel, 
which  he  afterwards  ])ublished,  is 
si  ill  one  of  the  Ixst.  The  herrings 
having  k-ft  the  frith,  llud<lart  g.»t  tin- 


command  of  a  brig,  his  excelleut  cha- 
racter securing  him  the  "jKJst,  and  he 
made  a  successful  voyage  in  her  to 
North  America  and  back.     His  pro- 
gress was  steady  and  certain.     A  few 
years  later  we  find  him  in  command 
of  an  East  Indiaman.     After  many 
successful  voyages,  in  which  he  haj)- 
pily  brought  all  his  shijw  t<.>  ix>rt,  and 
never  met  w^ith  any  serious  disaster, 
ho  retired  from  the  service ;  having 
been  in  conmiand  of  a  ship  of  greater 
or  less  burden  for  a  iHiriod  of  twenty- 
five  years.     He  now  published  many 
of  his  charts,  the  n?sults  of  the  obser- 
vations he  had  made  during  his  nu- 
merous voyages.    His  eminent  charac- 
ter, not  less  than  his  known  scientific 
knowledge,  secured  his  introduction  to 
the  Trinity  House  as  an  Elder  Brother, 
and  to  the  direction  of  the  London 
and  East  India  Docks,  in  which  situa- 
tions he  was  eminently  useful.     The 
lighting  of  the  coast  proceeded  chiefly 
under  his  direction,  and  many  new 
lighthouses  were  erected  and  floating- 
lights  pkced  at  various  |x>int8  at  his 
recommendation.     Among  others,  he 
sujMjrintendcd  the  construction  of  the 
lighthouse  at  Hurst  Point.     He  also 
surveyed    the    harl)our8    of    White* 
haven,   I^ton,  Hull,    Swansea,  St, 
Agnes,  I^eith,   Holyhead,   Woolwich 
Dockyard,  and  Sheemess;  several  of 
these  in  conjunction  with  his  friend 
Mr.  Rennie,  who  was  always  glad  lo 
have  the  benefit  of  his  exoeUeut  judg- 
ment.    He  made  many  improvements 
in  ship-building;  but  the  iuvention 
for  which  the  nation  is  principally 
indebted  to  him  is  liis  celebrated  rope- 
making  machinery,  by  which  every 
])art  of  a  cable  is  made  to  bear  an  equal 
strain,  greatly  to  the  improvement  of 
its  strength   and    wearing    qualities. 
This  machinery,  constructed  for  bim 
by   Mr.  Kennic  at  Limehousc,   was 
iimong  the  most  perfect  things  of  the 
kind    ever    put    together.      Captain 
ILudiiart  died  at  his  house  in  High- 
bury Terrace,  London,  in  1816,  closing 
a  life  of  unblemished  integrity  in  the 
seventy-fifth  year  of  his  age. 
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tion  aflforded  him  of  recommending  the  employment  of 
steam  power  in  the  Royal  Navy.  His  advice  met  with 
tlio  iisual  reception  from  tlie  inert  official  mind :  first 
indifference ;  next  passive  resistance ;  then  active  oppo- 
sition when  he  pressed  the  matter  fmther.  Naval  officers, 
who  had  grown  old  in  sailing  tactics,  could  ill  brook  the 
idea  of  navigating  ships  of  war  by  a  mechanical  inven- 
tion like  the  steam-engine,  by  which  skill  in  seamanship, 
of  wliich  the  old  salts  were  so  proud,  would  be  entirely 
suixirseded.  The  navy  had  done  well  enough  heretofore 
without  steam ;  why  introduce  it  now  ?  It  was  a  smoky 
iimovation,  and  if  permitted,  would  only  render  ships 
liable  to  the  constant  risk  of  being  blown  up  by  boiler  ex- 
plosions. Lord  Melville,  however,  listened  to  Mr.  Bennie's 
suggestions,  and  at  length  consented  to  the  employment 
of  a  small  steam-vessel  as  a  tug  for  a  ship  of  war,  by  way 
of  experiment.  Mr.  Rennie  accordingly  Iiired  the  Mar- 
gjite  steamboat.  Eclipse^  to  tow  the  Hastings^  74,  from 
Woolwich  to  two  miles  below  Gravesend,  against  a  rising 
tide.  The  experiment  was  made  on  the  4th  of  Jime, 
1819,  and  proved  so  successful  that  the  Admiralty  were 
induced  to  authorise  a  steamboat  to  be  specially  built  at 
Woolwich  for  similar  service.  This  vessel  was  named 
the  Comet;  it  was  built  after  the  designs  and  under  the 
direction  of  the  late  Mr.  Oliver  Lang,  assisted  to  a  consider- 
able extent  by  Mr.  Rennie,  who  attended  more  particu- 
larly to  the  designing  and  fitting  of  the  engines,  which 
were  made  by  Boulton  and  Watt.  The  Conietj  though  a 
small  vessel,  was  the  jKirent  of  other  royal  ships  of  vastly 
;^reater  dimensions.  She  wasonly  1 20  feet  long  between  the 
ijeriM.'udiculai's,  and  22  feet  G  inches  in  extreme  breadth ; 
the  dniufi^lit  of  water  was  about  6^  feet^  and  the  power  of 
her  enj^ines  alx>ut  40  horses.  The  Admiralty  had  great 
doul»ts  as  to  the  width  of  the  paddle-boxes;  but  Mr. 
KiMiiiie  encouraged  them  to  make  the  experiment  after 
his  design.  *'  Steam-vessels,"  he  observed,  **  are  as  yet 
only  in  their  infancy,  and  can  scarcely  be  exi)ectod  to 
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have  arrived  at  anything  approaching  perfection.  Much, 
however,  will  be  learnt  by  experience ;  but  unless  some 
risk  is  run  in  the  early  application  of  the  new  power,  no 
improvements  are  likely  to  be  made." '  For  her  size, 
the  Coinet  proved  a  most  efficient  vessel — the  best  that 
had  up  to  that  time  been  constructed.  She  fully  an- 
swered the  purpose  for  which  she  was  intended ;  and 
the  result  was  so  siitisfactory,  that  vessels  of  increased 
size  and  power  were  from  time  to  time  built,  until  the 
prejudice  amongst  naval  men  against  the  employment  of 
steam  power  having  been  got  over,  it  was  at  length 
generally  introduced  in  the  Royal  Navy.^ 

The  last  of  Mr.  Rennie's  gi-eat  designs  was  that  of 
New  London  Bridge,  which,  however,  he  did  not  live 
to  complete.  The  old  bridge  had  been  gradually  falling 
into  decay,  and  was  felt  to  be  an  increasing  obstacle 
to  the  navigation  of  the  river.  The  starlings  which  pro- 
tected the  piers  had  of  late  years  been  seriously  battered 
by  the  passing  of  hoys,  barges,  and  lighters,  on  which  they 
liad  inflicted  equal  injury  in  return  ;  for  vessels  were  con- 
stantly fomidering  on  them,  and  many  were  sunk  and 
their  cargoes  damaged  or  destroyed.  Emptying  stones 
into  the  river,  to  protect  the  decayed  pile-work,  had  only 


*  Letter  to  the  Admiralty,  22iid  |  that  lie  is  persuaded  their  adoption 

May,  1H20.                             "  '  mmt  come  at  last.      Dn   the    30th 

2  Mr.  Kennie  was  engaged  lor  |  May,  1820,  he  writes  James  Watt, 
many  years  in  nr<;ing  the  intnxhic-  [  of  Birmingham,  informing  him  that 
tiou  uf  steam  power  in  the  Royal  '■  the  Admiralty  had  at  last  decidcil 
Navy.  In  1817  we  lind  him  writing  ,  upon  havhig  a  steamboat,  not^nth- 
to  Lord  Melville,  Sir  J.  Yorke,  Sir  |  standing  the  8tn)ng  resistance  of  the 
1).  Milne,  and  others  on  the  subject.  |  Navy  hoiini.  "  My  reasons,"  he  says, 
It  Would  apix'ar  that  Lord  Melville  |  "  I  understand,  were  satislactory ;  but 
had  declared  that  he  was  deterniine<l  '  unless  the  Admiralty  cram  it  down 
to  employ  steam-vessels  as  tugs,  so  ;  the  throiits  of  the  Navy  Board,  no- 
soon  as  he  could  convince  the  Sea  ,  thing  >vill  be  done;  for  of  all  the 
Lords  of  tlieir  advantages;  on  which  ,  ignorant,  ol)stinat<i,  and  stupid  boanls 
Mr.  Hennie  compliments  Sir  1).  under  the  Crown,  the  Navy  Board  is 
Milne,  s;iying  that  he  is  "glad  to  the  worst.  I  am  so  disgusteii  with 
find  that  there  is  one  admiral  in  the  '  them  that,  could  I  at  the  i)re8ent  mo- 
navy  favourabh;  to  steanil)oats."  In  '  ment  with  decency  reUnquish  the 
.July,  1818,  he  laments  that  he  can-  I  works  under  them  which  1  have  in 
not  convince  Sir  (i.  IIo|)e  or  Mr.  hand,  I  would  do  so  at  once." 
Secretary'  Yfirke  of  thrir  utility,  hut 


Chap.  XI.  NEW  L(JN1X)N  BRIDGE.  269 

luid  the  effect  of  further  obstructing  the  navigation,  the 
scx>ur  of  the  current  having  formed  two  great  banks 
of  stone  across  the  whole  bed  of  the  river :  one  about 
KM)  feet  below  tlie  bridge,  and  tlie  other  about  the 
sfinie  distance  above  it,  with  tw'o  deep  hollows  between 
them  and  the  piers,  from  25  to  33  feet  deep  at  low 
water.  The  piers  and  arches  were  also  becoming  decre- 
pit. Though  the  to}>hamper  of  houses  had  long  been 
removed,  and  the  piers  patched  and  strengthened  at 
various  times,  tlie  bridge  was  every  year  becoming  less  and 
less  aihipted  for  accommodating  the  increasing  traffic  to 
and  from  the  City.  At  last  it  was  regarded  as  a  standing 
nuisance,  and  generally  condemned  as  a  disgrace  to  the 
c-apital.  To  maintain  the  structure,  inefficient  and  un- 
sjife  though  it  was,  cost  the  City  not  less,  on  an  average, 
than  3."i()0/.  a  year,  and  the  expense  was  likely  to  increase. 
The  Corix^nition  felt  that  they  could  no  longer  avoid 
<lealinj^  decisively  with  the  subject.  They  then  resolved 
to  take  the  opinion  of  the  best  engineers  and  archi- 
tects;  and  Mr.  Daw,  the  architect  of  the  Corporation, 
Mr.  Chapman,  the  engineer,  and  Messrs.  Alexander 
and  Montague,  two  eminent  City  architects,  were  con- 
suhe<l  jis  to  the  best  steps  to  be  taken  under  the  circum- 
stan(vs.  The  resuh  of  their  deliberaticms  w^as  a  recom- 
men<lation  to  the  Corporation  to  remove  eight  of  tlie 
arches  an<l  to  substitute  four  larger  ones,  as  well  as  to 
make  extensive  repaii-s  in  the  remaining  arches,  piers,  and 
su|n*i*structure.  Their  phm  was  referred  to  Mr.  Kennie, 
Mr.  Chapman,  and  Messrs.  Montague,  for  finther  con- 
sid«Tation ;  and,  as  was  Mr.  Rennie*s  custom  l)efore 
making  his  report,  he  proceeded  to  master  the  whole 
of  the  facts,  on  which  ahnie  a  sound  opinion  could 
Ik.*  formcMl.  He  had  the  tides  and  cuiTent«  watched 
an<l  notc<l,  an<l  the  river  carefully  sounded  above  and 
Ik-Iow  bri<l^^c,  from  Ted<liiigton  Lock  to  the  Hermitage 
entrance  of  the  London  Docks.  He  examined  the  piers 
down  to  their  foundations,  and  explored  the  bottom  of 
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the  river,  making  borings  at  various  points  between  tiie 
one  sliore  and  the  other.     In  the  report  which  he  made 
to  the  Corporation  on  the  12th  of  March,  1821,  a  great 
deal  of  new  and  accurate  information  was  first  brought 
to   hght  respecting  the  flow  of  the  tide  through  the 
arches,  and  the  additional  depth  of  water  hkcly  to  be 
secured  by  their  removal.     Although  it  was  pronounced 
quite  practicable  to  carry  out  the  alterations  which  had 
been  recommended,  and  the  erection  of  four  new  arches 
in  lieu  of  the  eight  old  ones,  he  was  of  opinion  that 
the  cost  would  be  very  considerable ;  and,  after  all,  the 
old  foundations  would  still  present  great  defects,  which 
could  never  be  wholly  cured.     Mr.  Rennie   thei'efore 
suggested  the  propriety  of  building  an  entirely  new 
bridge  of  five  arches,  with  a  lineal  waterway  of  not  less 
than  690  feet,  in  lieu  of  the  then  waterway  of  231  feet, 
below  the  top  level  of  the  starlings,  and  524  feet  above 
them.      Besides   the   greatly  increased  accommodation 
which  w^ould  be  provided  by  such  a  structure  for  the 
large  trafiic  passing  between  London  and  Southwark,  Mr. 
Rennie  held  that  not  the  least  advantage  which  it  pro- 
mised was  the   much  greater  facility  which   it  would 
aftbrd  for  the  navigation  of  the  river  to  and  from  the 
wharves  above  bridge ;  for  coasters  and  even  colliers, 
with  striking  masts,  might  then  be  enabled  to  navigate 
the  whole  extent  of  the  City  westwards.     The  increa.<!ed 
waterway  would  also  enable  the  waters  descending  from 
the  interior   to   flow    more  readily  away,  floods  often 
inflicting  great  damage  along  the  shore,  especially  in  the 
winter  months,  when  the  arches  of  the  old  bridge  became 
choked  up  with  ice. 

The  report  was  felt  to  be  almost  conclusive  on  the 
subject ;  and  the  more  it  was  discussed  the  deeper  grew 
the  convicticui  in  the  minds  of  all  that  its  recommenda- 
tions ought  to  be  adopted.  The  Corporation  accordingly 
applied  to  Parliament,  in  the  year  1821,  for  an  Act 
enabling  them  to  purchase  the  waterworks  under  the 
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arches  of  the  old  bridge,  and  to  erect  an  entirely  new 
structure.  The  bill,  of  course,  had  its  opponents ;  some 
arguing  tliat  there  was  no  necessity  for  a  new  bridge, 
and  that  its  erection  would  be  only  a  useless  waste  of 
money,  whilst  the  old  one  could  be  repaired  and  -made 
fit  for  traffic  at  so  much  less  outlay.  The  case  in  favoiu* 
of  the  new  bridge  was,  however,  too  strong  to  be  re- 
sisted, and  Mr.  Rennie's  evidence  was  considered  so 
clear  and  conclusive  tliat  committees  of  both  Houses 
unanimously  approved  the  bill,  and  it  duly  received 
the  sanction  of  Parliament,  Power  was  conferred  by 
the  Act  enabling  the  Treasury  to  advance  from  the 
Consolidated  Fimd  such  sums  as  might  be  necessary 
to  supply  any  deficiency  in  the  funds  at  the  disposal 
i)f  the  Corporation  applicable  to  the  erection  of  the 
bridge ;  the  Government  regarding  the  work  as  one  of 
national  importance,  and  consequently  entitled  to  public 
assistance. 

During  the  progi'css  of  the  bill  through  Parliament, 
Mr.  liennie  prepared  the  general  outlines  of  a  design  of 
the  new  structure.  It  consisted  of  five  semi-elliptical 
arches,  the  centre  one  150  feet  span,  the  two  side  arches 
140  feet,  and  the  two  land  arches  130  feet,  making  a 
total  lineal  waterway  of  GOO  feet;  the  height  of  the 
softit  or  under-side  of  the  centre  arch  being  29  feet 
()  inches  alcove  the  level  of  Trinity  higli-watermark. 
The  genenil  jninciple  of  this  design  was  approved  and 
enil>o<lied  in  the  bill.  Very  shortly  after  the  Act  had 
[massed,  Mr.  Kennie  was  seized  by  the  illness  which 
(tirried  him  off,  and  it  was  accordingly  left  to  others 
to  execute  the  gieat  work  which  he  had  thus  planned. 
Hie  Corporation  of  London  then  appealed  to  the 
whole  engineering  and  architectural  world  for  com- 
j)etitive  designs,  and  at  least  thirty  were  prepared  in 
answer  to  their  call.  These  were  submitted  to  a  Com- 
mittee of  the  House  of  Commons  in  the  year  1823,  and 
after  long  consideration  the  plan  originally  proposed 
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by  Mr.  Keniiie  was  finally  adopted ;  on  which  the  Cor- 
j)<)rcition  of  London  selected  his  son,  the  present  Sir 
John  Kennie,  engineer  in  chief,  to  carry  it  into  eflFect; 
and  the  nomination  having  been  approved  by  tlie 
Lords   of  the  Treasury,   in   conformity  with  the  pro- 
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vision  of  the  Act,  steps  were  forthwith  taken  to  jiro- 
ccH'd  with  tlie  work.  It  is  scarcely  necessary  to  say 
how  Ji<lmirnbly  Mr.  lienm'e's  noble  design  has  been 
oxmitcd.  New  London  Bridge,  in  severe  simplicity 
nnd  inijidorned  elegance  of  design — in  massive  solidity, 
strength,  and  ])erfcction  of  workmanship  in  all  its 
parts— not  less  than  as  regards  the  capacious  size  of 
its  arches  and  the  breadth  and  widtli  of  its  roadway 
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and  approaches — is  perhaps  the  finest  work  of  its  kind 
in  the  world/ 

It  will  be  observed  from  the  preceding  chapters,  that 
Mr/  Rennie's  life  was  one  of  constant  employment,  and 
that,  apart  from  his  great  engineering  works,  his  career 
contains  but  few  elements  of  biographic  interest.  In- 
<leed  his  works  constitute  his  biography,  overlaying,  as 
they  did,  almost  his  entire  Hfe,  and  occupying  nearly  the 
whole  of  his  available  time.  His  personal  w^ants  were 
few ;  his  habits  regular ;  and  his  pleasures  of  the  most 
nuxlerate  sort,  consisting  chiefly  in  reading  and  in  the 
enjoyment  of  domestic  life.  At  the  age  of  twenty-nine 
he  married  Miss  Mackintosh,  an  Inverness  lady,  who 
made  his  home  happy  ;  and  he  became  the  father  of  nine 
children,  six  of  whorii  survived  him.  In  the  early  part 
of  his  career  in  London  he  lived  in  the  Great  Surrey 


*  The  new  bri<lge  was  erected  about 
thirty  yuxiii  higher  up  the  river  than 
th«  dkl  one,  and  mvulved  the  con- 
KtmctioQ  of  new  approaches  on  both 
Hidcfi.  The  first  coft'er-dani  wa«  put 
in  on  the  Southwark  side,  an<l  the 
finrt  i»ik»  was  driven  on  the  loth  of 
March,  1824 ;  the  foun(hition  stone 
wan  laid  with  j^rat  a'n»mony  ]»y 
H.  H.  n.  the  Duke  of  York,  on  the 
l.'.th  nf  Jmio,  1825,  assistc*!  by  the 
I>.rd  Mayor  (<Jarn'tt),  the  AMcnnen, 
and  (V»iinn«»n(V)Uiuil.  Tlie  bridp;  was 
tiiiiilly  cx.n»|»Ktiti  and  formally  oi>enwl 
by  His  Maj»-sty  Kin*;  William  the 
fV^irtli  oil  111*'  l*Mt  of  Au<^ist,  1831 — 
th«'  tinir  ticrupittl  in  its  constniction 
luivin^  tliu.H  U-i'u  si'ven  years  and  three 
months.  Tin-  total  cost  of  the  bridj^e 
and  appn^ulu-s  was  alxmt  two  mil- 
li««tL«*  »»t4rlin;4.  All  the  masonry  Ix'low 
1m\v  wat«r  is  n»mii<j8<^l  of  hanl  sand- 
^t..rj«'  v^rit^  fruni   BraniK-y  Fall,  near 


Leeds ;  and  the  whole  of  the  ex- 
teuor  masonry  above  low  water  is 
of  the  finest  hanl  ffmy  granite,  from 
Alx'rdeen,  Devonshire,  and  Coniwall. 
The  actual  width  of  the  arches  as 
executed  is  as  follows :  the  centre 
arch  is  152  feet  0  inches  span;  the 
two  arches  next  the  centre  are  140 
feet;  and  the  two  land  arches  130 
ft'et.  The  details  of  construction  of 
the  cofier-ilams,  piers,  and  floating 
and  fixing  the  centres,  were  simibr 
to  those  a<lopte<l  by  Mr.  Kennic  in 
buiUHng  Waterloo  and  Southwark 
bri<lge8.  The  total  length  of  the 
bridge  is  1005  feet ;  width  from  out- 
side to  outside,  56  feet ;  width  of  the 
footfiaths,  18  feet ;  and  of  the  carriage- 
way, 35  feet.  The  total  quantity  of 
stone  built  into  the  bridge  is  120,000 
tons,  'llie  builders  were  Messrs. 
Joliffe  and  Hanks,  the  greatest  con- 
tnictors  of  their  day. 
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Hoad,  fVt)iii  winch   Ik*  ai'torwanls  romoviMl  to  Stamfonl 
Street,  ih»t  tar  from  his  works. 

I  lis  <;h>sc  and  often  inireniittin{f  a]>[ih"catioii  e;ivlv 
be,u'an  to  tell  upon  his  health.  In  1812,  when  arrivcil 
at  the  a<»'e  of  fifty-one,  he  was  occasionally  laid  up 
hy  ilhiess.  AVhile  oeeupieil  one  day  in  ins})ectin;^  the 
works  of  Waterloo  Bridj^v,  he  accidentally  set  his  foot 
upon  a  loose  ]>lank,  whieh  tilte<l  up,  and  he  fell  inT«» 
the  watei*,  hut  ha])]>ily  es<-a])ed  with  only  a  daniajrcil 
knee.  Thouo-h  unable  for  some  time  to  stir  al)n>ad,  he 
sei/(Ml  th(M)])])ortunity  of  pi'oeeedinp;  with  the  prepanitioii 
of  mnnerous  re])orts,  and  of  workinp;  u])  a  lon^  lee-wav 
of  correspondcnci*.  In  the  followin<:r  year  he  was  fri.^ 
(piently  confined  to  the  house  by  a  sup|)()sed  Hver- 
(•omplaint  ;  but  his  correspondence  never  lhijrj::ed.  Ih' 
tried  tlu'  efiects  of  change  of  air  at  Cheltenhani :  hut 
he  had  no  time  ft)r  repose,  ami  after  the  la]>se  of  only  a 
week  he  was  iv^wm  in  harness,  givinj^  evidence  before 
a  Connnittee  ol"  the  House  of  Connnons  on  Lougli  Enie 
draina^-e.  He  made  another  hurried  visit  to  Chelten- 
ham, but  evidently  took  no  rest;  his  absencv.  from 
active  business  oidy  alVording*  him  an  op])ortunity  for 
writinji*  numerous  K*tters  to  influential  iK>rsons  at  the 
Admiralty  on  the*  subject  of  his  o^rand  S(*licme  of  the 
Xorthfie<^t  Docks.  To  one  of  his  correspondents  we  find 
him  sjiying-  he  was  ''better,  though  only  half  a  man 
yet."  In  course  of  time,  however,  he  jKirtialiy  riHt>- 
vered,  and  was  forthwith  immersed  in  business — engiigiMl 
upon  his  docks,  bridges,  and  breakwaters. 

He  very  rarely  'Mook  play."  In  1815  his  venerable 
frien<l  James  AVatt,  of  Hirmingham,  nrged  liim  to  p5iy  a 
visit  with  him  to  Paris, shortly  after  the  Iwittlc  of  Waterhx^. 
I>ut  Mr.  liennie  was  too  full  of  work  at  the  time  to 
accept  the  invitation,  and  the  visit  was  iH»st|H;)neil  until 
the  following  year,  when  he  was  acconi|>jinied  by  James 
Watt,  jun.,  then  of  Aston  Hall,  neai*  Birminp^lmni.  This 
journey  was  the  first  ridaxati(»n  h<»  had  taken  for  a  {KM'iod 
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<jf  thirty  years ;  yet  it  was  not  a  mere  holiday  trip,  but 
jxirtly  one  of  business,  for  it  was  his  object  to  inspect  with 
his  own  eyes  the  great  dock  and  harbour  works  executed 
Ijy  Napoleon  during  the  Continental  war,  of  which  he 
had  heard  so  much,  and  to  gatlier  fi*om  the  inspection 
such  experience  as  might  be  of  use  to  him  in  the  improve- 
ment of  the  English  dockyards  on  w^hich  he  was  then 
engaged.  The  two  set  out  in  September,  1816,  passing 
by  Dover  to  Cahiis  and  thence  to  Dmikirk,  where  Mr. 
Kenniecarerully  examined  the  jetties,  arsenal,  docks,  and 
building-slips  at  that  port.  From  thence  they  proceeded 
to  ( )stend,  and  afterwards  to  Antwerp,  where  our  engineer 
admired  the  greatskilland  judgment  with  which  the  dock 
works  there,  still  incomplete,  had  been  laid  out.  From 
Antwerp  they  went  to  Paris,  where  they  stayed  only 
two  <lays,  and  then  to  L'Orient  and  Brest,  accompanied 
by  Mr.  Jolifle,  the  contractor.  At  both  these  ports 
Mr.  Hennie  tocjk  careful  note  of  the  depths,  dimensions, 
an«l  arrangements  of  the  harbours  in  detail,  receiving 
every  attention  from  the  authorities.  At  Cherbourg,  in 
like  manner,  he  examined  the  building-yards  and  docks, 
as  well  as  the  ])rogress  made  with  the  famous  Digue' — 


*  Tlir  DiL'Mr  is  of  cniisidcniljly  lH.*ariii^  ami  wluii  Mr.  Keniiie  visiUHl 
;rr»at«  r  «\t«iit  than  \ho  linak water  t\\v  |»lac(',  the  8lo|)i'  forniwl  by  the 
at  IMviiiMiith,  Xm-'uv;:,  ii\u\'v  -|  Kii^-  » •a-ridj^e  of  nibljlc  wius  as  much  as 
li>h  iiiih's  loiij;.  rp  14)  tlic  tiiiK-  11  to  1.  Tliis  *^reatly  incroajitii  the 
•  •t  Mr.  Il« iinir'H  visit,  the  W()rk  lia<l  omteiits  of  the  bR*akwater,  while  its 
l»iu  a  stru-s  of  uttriiipt.H  ami  tail-  stability  wsis  not  much  to  be  de- 
link, wliirh,  however,  eventually  pnn  |H'n<le<l  on.  Many  aa-i«lent8  uccurrwl 
line".!  exjierienee,  and  Ie«l  to  huc-  to  the  work,  and  several  extensive 
r.-K-i,  W.-«hii  <t»nes  lille<l  with  small  breaches  were  made  tliRmgh  it  by 
Ht«.iics  W'-re  tirst  trit-^l ;  they  were  the  force  of  the  sini.  At  low  water  the 
HUiiU  !v»  AS  t«»  lt»rm  a  wa-ramiKirt ;  but  hei«;ht<»f  the  Dij^uc  was  at  some  parts 
tln'<..ii.>  wrre  sliatteml  t«i  pirces  by  only  thrw  fir  t ;  at  others,  coiLsiderably 
tin-  t'Tei'  nf  the  wavi-s,  and  tlie  stones  more;  whereas,  in  s«)me  pbices,  the  top 
w»  r»  Ni.itirreil  aU»ut  in  the  l«ottoni  (»f  «»r  the  work  was  from  seven  to  eight  feet 
rh«  ^4;».  Tlun  l«Nisf  rubble-stones  were  Ih'Iow  low  water  of  sjiring  ti«les.  At 
ifjoi  ;  but  tin-  bl.nks  were  Un>  small,  length,  after  many  years'  lalNuir  and 
aii'l  tlnx-,  t.«»,  Were  tirivi-n  a.sunder.  vast  expinsi',  tlie  work  has  Ixvn 
l-ir:!' r  bli«  ks  wen-  then  umnI  :  but,  bri»u;:ht  to  completion;  and  it  now 
I'T  .1  fmie,  the  huialler  stono  Uneath  fonns  a  very  excellent  defence  for  the 
.u\t^\  .L-.  p'llers  t4»  the  larger  ones.  tine  war  rojidstetid  aiui  arsenal  of 
Af  l«'n::th,  however,  tlKsi-  lound  their  CherU»upjj,     uri-atlv     exceiiling     the 
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a  rival  to  his  own  Breakwater  at  Plymouth.  At  Cher- 
hoiirjj;  he  was  joined  by  Mr.  Whidbcy,  who  liad  come 
over  in  a  vessel  of  war  to  meet  him.  Mr.  Remiie 
retnriKMl  to  Eiif^^laiid  after  less  than  a  month's  tour; 
and  thoufi;))  he  had  made  a  lahour  of  his  pleasure-trip, 
the  chanp^e  of  air  and  scene  did  him  good,  and  he 
entered  with  zest  upon  the  business  of  clearing  off 
the  formidal)le  arrears  of  work  which  had  accumulated 
durinf>;  his  absence.  We  may  add,  as  an  illustration  of 
his  hal)it  of  turning  everything,  even  his  pleasure,  to 
account,  tliat  one  of  the  first  things  he  did  on  his  return 
home  was  to  mak(»  an  elaborate  report  to  L<:)rd  Melville, 
then  First  Lord  of  the  Admiralty,  of  the  results  of  his 
investigations  of  those  foreign  harbours  which  he  had 
visit<Ml  in  the  course  of  his  jom-ney. 

After  a  few  years'  more  devoted  applicaticm,  his  health 
again  l)egan  to  give  way.  When  consulted  by  Mr.  Fol- 
janil)e  of  Wakefield,  in  June,  1820,  respecting  a  railway 
])ro])osed  to  be  lai<l  down  in  that  neighl>ourho(xl,  he 
excused  himself  from  entering  upon  the  business  l^ecause 
his  hands  were  so  full  of  work  and  his  health  was  so 
deheate.  Shortly  after,  we  find  him  writing  to  a  friend 
that  the  new  works  executed  by  him  during  the  past 
yeai*  had  cost  about  half  a  million,  besides  those  in 
])rogress  at  Sheerness,  which  w^ould  cost  a  million.  lie 
was  th(Mi  busy  with  his  investigjitions  relative  to  New 
London  Bridge,  the  report  on  wdiich  he  prepared  whilst 
hiid  up  with  gout.  He  persisted  in  going  abroad  as 
long  as  he  could,  and  went  to  his  doctor  in  a  carriage  for 
advice,  instead  of  letting  the  latter  come  to  him.  But 
resistance,  however  brave,  was  useless  against  disease, 
and  at  length  he  was  c(mipelled  to  succimib.  To  the 
last  \h'  went  on  issuing  instructions  to  his  inspectors 
in  diifi'rent  ]>arts  of  the  ccmntry  relative  to  the  works 


hmnlilr  (liinriisioii.s  wliidi  it  pre- 
sciilcil  wlu'ii  Mr.  Iicimic  vi.siti'd  the 
|>l:ur.      'I'lic    wlmK'  i-ost    of  the  works 
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then  iu  progress — the  docks  at  Chatham  and  Slieerness, 
the  harbours  at  Howth  and  Kingstown,  the  bridge  at 
New  Galloway,  the  Eau  Brink  Cut,  the  Aire  and  Calder 
Navigation,  and  the  pumping-engines  for  Bottesham 
and  Swaffham,  in  the  Fens.  He  was  especially  anxious 
about  the  Eau  Brink  Cut,  nearly  ready  for  opening, 
urging  his  assistants  to  report  from  time  to  time,  giving 
him  full  particulars  of  the  progress  made.  In  the  midst 
of  all  this,  he  writes  a  letter  to  a  harbour-master  at  Brid- 
lington, giving  him  detailed  instructions  as  to  the  arrange- 
ment of  tide  tables !  His  last  business  letter  was  written 
to  tlie  Navy  Board  respecting  the  proper  kind  of  gates 
to  be  used  for  the  dry  dock  at  Pembroke :  it  was  dated 
the  28th  September,  1821.  A  httle  before  this  he  had 
written  to  his  friend  Mr.  Jerdan,  the  Edinburgh  engineer, 
that  he  had  completed  all  business  connected  with  his 
preparation  for  the  next  session  of  Parliament,  when 
lie  had  many  bills  to  carry  through.  But  how  often  are 
the  intentions  of  the  bravest  defeated !  Day  by  day  he 
grew  weaker,  struggling  with  the  whole  force  of  his 
will  against  the  disease  tluit  was  slowly  mastering  him. 
Although  extremely  ill,  he  insisted  on  rising  from  his 
IkmI,  and  tottered  about,  even  taking  an  occiusional  airing 
in  a  carriage.  In  this  state  he  continued  until  the  4th  of 
October.  On  that  day  he  did  not  get  up.  His  mind 
had  until  then  l>een  as  clear  and  vigorous  as  ever ; 
l>ut  now  it  began  to  wander.  There  was  no  resisting 
the  hand  of  death,  which  was  already  upon  him.  He 
took  no  fui-ther  heed  of  what  passed  around  him,  and 
alK)ut  five  in  the  evening  a  violent  fit  occurred,  from 
which  he  never  rallied.  About  an  hour  later  he  expired, 
in  the  sixty-tirst  year  of  his  age. 

The  jHjrtrait  j»refixe<l  to  this  memoir  expresses,  so 
far  as  an  accurate  delineation  of  his  features  can  do,  the 
a<-tuiil  character  of  the  man.  It  is  grave  and  thoughtful, 
yet  has  an  exi)ression  of  mildness  i>erfectly  in  unison 
with  his  gentle  yet  cheerful  <lis|H)sition.     Kaeburn  painted 
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liis  portrait,  and   Chantrev  chiselled  liis  bust;    but   the 
(Hialk  drawing-  by  Archibald  Skirviiig-^^  after  ^vhicli  our 

'  Arcliibahl  Skirviiiir,  like  .lohn  XotwitlistaiuiiiifiliistTcentricity,  Skir- 
liciinii*,  was  tlic  sou  of  an  East  L<>-  viiij^  was  an  extremely  clever  artist, 
tliiaii  lanner.  He  was  Ixnn  in  174!»,  and  liis  crayon  drawing*  have  rarely 
at  (Jarli'tnn,  a  farm  In-lniigin^  to  the  l>een  surj)as.se<l  for  vij^nur  and  l>ril- 
Karl  ol"  Wemyss.  His  iatlur,  Adam  liancy.  He  execut^il  ]»r(»l>ably  tlu-U-st 
Skirvinir,  was  a  wi'll-known  liii-  headof  Burns,  witii  wlunn  he  was  inti- 
niorist  and  hallad-maUer — i»ne  of  his  mate;  and  the  |>ortrait  ul'  .I«.»hu  Kcn- 
si)n;i:s,  *  Hey,  .loliiiny  t.'ope,'  a  de-  nie,  which  Mr.  iloU  has  rendenil 
scription  ol  the  rout  of  the  royal  army  with  ureat  skill,  will  give  u  pnwl  idtii 
at  the  liattlc  of  I'restonpans,  K-ing  of  Skirving's  j.ower  as  a  <lelinc-ator  ••! 
still  p  )i)ular  in  Scotland.  Its  puhli-  I  character.  Skirvin*;  and  Kennie  wtre 
cation  pive  peat  ollcnce  to  somi^  oi'  intimate  friends,  alth<.)Ugh  in  nn*?it  ri- 
CojH''s  olVic'Ts,  and  one  of  them,  s]K'cts  so  unlike  each  other.  Yrt 
Lieutenant  Smith,  went  so  far  as  Skirvinj:^  had  as  tnie  a  *::euias  in  hini. 
to  send  SkirviiiL:;  a  challenge,  elated  and  niii^ht  have  s<-curcd  ;ls  gn-at  a 
the  (ieorj^e  Inn,  Haddiniiton.  When  reputation  in  his  own  walk,  iLs  his 
the  nii'sscnuer  arrive<l  with  the  mis-  friend  Kennie,  had  he  worketl  tLs  {ci- 
sive,  the  farmer  was  in  his  yard,  turn-  tiently  and  industriously.  As  he 
ini^  over  manure.  After  r(a«lin;j:  the  j^rew  older,  he  Ixvame  nioiv  eccentric 
letter,  lie  said,  "Ye  may  j^an;^  back  and  sarciistic.  Ho  dn*sse<.l  nl«lly, 
to  Lieutenant  Smith,  and  say  to  him,  in  a  broad-hrimme*!  white  hat,  witli- 
if  he  likes  to  coine  u])-by  here.  Til  out  any  neckcK^th.  He  was  at  the 
tak' a  look  at  him;  if  I  V(.'  a  min«l  to  Karl  of  Wemyss's  house  at  (i«»stopl 
fecht  him,  ril  fecht  hitii;  and  if  no,  one  day,  when  the  Omntess  wils  o»n- 
ril  «lo  as  he  did  —  I'll  rin  awa' !**  vei-sin^  with  him  as  to  the  acquirc- 
iMany  similar  storii's  are  ti)ld  of  the  ,  ments  of  her  daughters  in  art.  The 
farmer's  wit  and  humour,  a  con.sider-  young  ladies  were  meanwhile  «<,vu- 
able  share  of  which  was  inheritcii  by  pied  in  making  grimaces  at  the  mIi'i 
his  son  Archibald.  In  e:irly  life  the  man  Ixjhind  his  Kick,  ti>rgetting  thai 
latter  went  to  Home  to  study  art,  and  they  were  standing  opicwito  a  iuin>»r, 
remaineil  in  Italy  nine  years.  He  in  which  he  could  set?  all  their  niove- 
walke<i  the  whoU-  way  tiom  Home,  ments.  "  The  young  la«lies,'' olb^TVol 
but,  while  passing  through  Franc**,  the  iKiinter,  "may  have  studicxl  art, 
tlie  revolutionary  war  broke  out,  \  but  I  never  sjiw  such  ugly  laci-s  a> 
and  Iw  was  apprehended  and  thrown  those  they  make,"  ]N)intiiig  to  the 
into  ]irih«)n,  where  he  lay  for  nine  ,  glass  In'fore  him.  Allan  t.'unninghani 
nmnths.  He  subsecpiently  studie<l  !  rebites  the  story  of  Skirviug's  calling; 
painting  under  l>avid.  l»eturne<l  to  on  Chantrey  while  he  was  finishing  I  he 
Scotland,  he  pursued  his  art  in  a  bust  of  Bird,  the  artist.  '*  ^Yeil ! — 
scimewhat  desultory  manner,  not  and  who  is  that?"  asked  Skirvini:. 
being  under  the  necessity  of  apply-  "  Bird,  the  eminent  i»aiutor.''  "  Taint- 
ing himself  to  it  with  that  patient  and  er  ! — an<l  what  dues  lie  psiint  ■r" 
continuDUs  drvotiini  which  is  essen-  "Ludicrous  Hubj(Ots,  Sir."  **  Lu«li- 
tial  to  attaining  high  emineiici*  in  any  crous  subjects!  —  Have  lyo//  Kit  ?" 
pritfessinn.  He  painted  when,  where,  "  Yi*s — he  has  had  one  sitting;  but 
antl  whom  he  pleased  ;  and  s«)meiinies  when  he  heanl  that  a  gentleiiuiii  with 
]»ursued  a  very  eccentric  ('oiirse  with  a  white  hat,  who  wore  m*  ncckrlorh, 
liis  sitters.  One  gentleman's  iK»r-  had  arrive<l  from  the  North,  he  Kiid, 
trait  he  paint<il  in  such  a  manner  Mio — go;  I  know  of  a  subjtct  inon* 
as  to  L:ive  special  prominence  to  a  bulicrousstill:  Mr. Skirving isc<»ine!"* 
large  wart  niK»n  his  lace.  A  lady  This  (mM,  but  clever  artist  «liiil  at 
wlii»  in.>i>te<l  nn  siitinir  to  him,  he  put  lnven»sk,  near  Kilinbiirgh,  in  ISllP, 
<»fV  with  tin;  mi-allant  nniark  that  at  the  aclvaiKHil  age  of  seventy, 
shr    "  womM    ruin    him    for   vellow." 
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engraving  is  made,  is  on  the  whole  the  most  lifelike  repre- 
Hentation  of  the  man  as  he  lived.  In  person  he  was  large, 
tall,  and  commanding ;  and  strength  was  one  of  tlie  attri- 
butes Ixjlonging  to  his  family.  But  physical  endiu-ance 
lias  its  limits,  and  we  fear  that  Mr.  Kennie  taxed  his 
powers  beyond  what  they  would  fairly  bear.  He  may  be 
Kiid  to  have  died  in  harness,  in  the  height  of  his  fame, 
after  threescore  years,  forty  of  which  had  been  spent  in 
hard  work  ;  still  his  death  wjis  premature,  and  in  the  case 
of  a  man  of  such  useful  gifts,  was  much  to  be  lamented. 
Hut  he  himself  held  tlrat  life  was  made  for  work,  and  he 
could  never  l>ear  to  1x3  idle.  Work  was  with  him  not 
only  a  {pleasure, — it  wiis  almost  a  pission.  He  some- 
times made  business  appointments  at  as  early  an  hour  as 
live  in  the  morning,  and  would  continue  incessantly 
occupied  until  late  at  night.  It  is  clear  that  the  most 
vigorous  constitution  could  not  long  have  lx)me  up  under 
such  a  tear  and  wear  of  vital  energy  as  this. 

He  was  very  orderly,  punctual,  and  systematic,  and 
hence  was  enabled  to  get  through  a  very  large  amomit 
of  business.  No  matter  how  immerous  were  the  claims 
uiM)n  his  time,  nothing  was  neglected  nor  hurried.  His 
re|M>rts  were  models  of  what  such  documents  should  he. 
They  set  forth  all  the  facts  l)earing  upon  the  topic  under 
consideration  in  great  detail;  but  with  much  phiinness, 
force,  and  clearness.  His  harl>our  reports  were  es[)e- 
lially  masterly;  in  them  he  elaborately  stated  all  the 
known  facts  as  to  the  prevailing  winds,  currents,  and 
tides,  usually  drawing  very  logical  and  conclusive  in- 
ferences as  to  the  particular  plan  which,  under  the  cir- 
<uinstances,  he  considered  it  the  most  desirable  to  adopt. 
In  his  estimates  he  was  careful  to  conceal  nothing, 
stating  the  full  sum  which  in  his  judgment  tlie  work 
under  consideration  would  cost;  nor  would  he  imder- 
statc  the  amount  by  one  farthing  in  order  to  tempt 
projectors  to  l»egin  any  undertaking  on  which  he  wjis 
consulted. 
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He  took  the  highest  ground  in  his  deahngs  with  con- 
tnictors.  lie  held  that  the  engineer  was  precluded  by 
his  position  from  mixing  liimself  up  with  their  busiuesR, 
and  that  if  he  dabbled  in  shares  or  contracts,  either 
openly  or  miderhand,  half  his  moral  influence  was  gone, 
and  his  character  liable  to  be  seriously  compromised. 
Writing  to  Playfair  at  Edinburgh,  in  1816,  he  said — 
"Engineers  should  be  entirely  indej^endent  of  these 
connexions — not  dabblers  in  shares — and  free  alike  of 
contractors  and  contracts."  By  holding  scrupulously 
to  this  course,  Mr.  llennie  established  a  reputation  for 
truthi'uhiess,  honesty,  and  uprightness,  not  less  honom*- 
able  and  exalted  than  his  genius  as  an  architect  and 
engineer  was  illustrious. 

I  le  was  a  man  of  powerful  and  equally  balanced  mind — 
not  so  clever,  as  profound ;  not  brilHaiit,  but  calm,  serene, 
and  solid,  like  one  of  his  owni  structures.  While  he  lay 
on  his  deathbed,  his  last  letters  to  his  assistants  urged 
upon  them  attention,  punctuality,  and  despatch — qualities 
which  he  himself  had  illustrated  so  well  in  his  own  life. 
In  his  self-education  he  had  overlooked  no  bi-ancli  of 
science  cultivated  in  his  day;  and  in  those  which  bore 
more  especially  upon  his  own  calling,  his  knowledge  was 
well-arranged,  (Mjmplete,  and  accm'ate. 

Withal  he  was  an  exceedingly  modest,  unpretending, 
and  retiring  man.  His  great  aim  was  to  do  the  thing  he 
was  aj)pointed  to  do  in  the  best  jx)ssible  maimer.  He 
thouglit  little  of  fame,  but  a  gi'eat  deal  of  character 
and  duty.  If  his  time  w^as  so  entirely  pre-occupied  that 
he  could  not  j)crs()nally  devote  the  requisite  attention  to 
any  new  undertaking  brought  before  him,  he  would  de- 
cline to  enter  n\)ou  it,  and  recommended  the  employment 
of  some  other  leading  engineer.  He  considered  it  his  duty 
liimseli'  to  go  into  the  minutest  details  of  every  business 
on  which  lie  was  consulted.  He  left  as  little  as  jx>ssible 
to  suhoj-diiiatcs,  making  his  calculations  and  estimates 
himself;  and  he  wrote  and  even  copied  his  own  reix>rt8; 
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deeming  no  point,  however  apparently  unimportant, 
beneath  his  careful  attention  and  study. 

Hence  great  reliance  was  placed  upon  his  judgment  by 
those  who  consulted  him ;  and  the  accurate  though  com- 
paratively reserved  manner  in  which  he  expressed  himself 
before  Committees  of  Parliament  gave  all  the  greater 
weight  to  his  evidence.  "  What  I  liked  about  Rennie," 
says  one  who  knew  him  well,  "  was  his  severe  truthful- 
ness." When  under  examination  on  such  occasions,  he 
could  always  give  a  strong,  clear  reason,  in  support  of 
any  scheme  he  recommended,  based  upon  his  own  careful 
preliminary  study  of  the  whole  subject.  But  when  asked 
any  (juestion  outside  the  line  of  his  actual  knowledge,  he 
had  the  honesty  to  say  at  once,  "  I  do  not  know."  He 
would  not  guess  nor  attempt  to  give  ingenious  answers 
to  show  his  cleverness,  nor  act  the  special  pleader  in  the 
witness-box,  but  confine  himself  solely  to  what  he  posi- 
tively knew. 

In  the  course  of  his  professional  career,  Mr.  Rennie  ex- 
Iierieiiced  the  great  advantage  which  he  had  derived  from 
Ill's  wirly  tniining  as  a  millwright.  His  practical  know- 
Ivihfj^ii  enabled  him  to  select  the  best  men  to  carry  out  his 
designs,  and  he  took  pride  and  pleasure  in  directing  them 
how  to  do  their  work  in  the  most  efficient  maimer.  His 
nianufactorv  was  indeed  a  school,  in  which  some  of  the 
best  niechanies  of  the  day  received  a  thorough  training  in 
machine  work  ;  and  many  of  his  workmen,  like  himself, 
evtMitually  raised  themselves  to  the  rank  of  large  em- 
ployers of  skilled  labour. .  Mr.  Rennie  was  never  ashamed 
to  put  his  hand  to  any  work  where  he  could  teach  a 
Irsson  or  facilitate  despatch,  and  to  the  end  of  his 
(-.nver  he  continued  as  "handy"  as  he  had  been  at  the 
U'^inning. 

A  curious  illustration  of  his  expertness  at  smith- 
wmk  oecurre<l  during  a  journey  into  Scotland,  when  on 
his  way  to  visit  the  Earl  of  Eglinton  at  Eglinton 
Castle.      He    went     by    the    stage-coach,    in    company 
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witli  Koine  Ayrsliire  larinei*s  and  one  or  two  rather  im- 
portant "  Paisley  boJdies."  ^     When  tnivclling  over  a 
very  bad  piece  of  the  road,  the  jolting  wixs  such  as  to 
break  the  axletree  of  tlie  coach,  and  it  came  to  a  stand 
on  a  solitary  moor,  with  not  a  house  in  sight.    Mr.  Remiie 
asked  the  coachman  if  there  was  any  blacksmith  near  at 
hand,  and  was  told  there  was  one  a  mile  or  two  ofl*. 
''  Well,  then,  hel})  me  to  c*arry  the  parts  of  the  axle  there, 
and  rU  see  to  its  being  mended."     The  blacksmith,  how- 
ever, was  not  at  home  ;  but  Mr.  IJennie  forthwith  lit  the 
i'oi'ge  lire,  blew  the  bellows,  and  with  the  rather  cliiiiisy 
assistance  of  one  of  his  fellow-j)assengers,  he  very  soon 
welded  the  axle  in  a  workmanlike  manner,  heliKnl  to 
carry  it  back  to  the  coach,  and  after  the  lapse  of  a  few 
hours  the  vehicle  was  again  wheeling  along  the  rojid 
towards    its  journey's   end.      Mr.  Remiie's    fellow-jnisr 
seiigers,  who  had  been  comnamicative  and  friendly  diirinjr 
the  earlier  part  of  the  journey,  now  became  very  reserveil, 
and  the  "  boddies"  especially  held  themselves  aloof  from 
'•  the  blacksmith,"  who  had  so  clearly  revealed  his  CJillinjr 
by  the  manner  in  which  he  had  mended  the  broken  axle. 
Arrived  at  their  journey's  end  for  the  day,  the  travellei's 
separated  ;  Mr.  Kennie  ])r6ceeding  onwards  to  Eglintoii 
C'astle.     Next  morning,  when  sitting  at  breakfast  with  liii^ 
noble  host,  a  servant  entered  to  say  that  a  person  outside 
desired  to  have  a  word  with  the  Earl.     "Show  him  in." 
The  ])erson  entered,    lie  proved  to  be  one  of  Mr.  liennie's 
fellow-travellers;  and  great  indeed  were  his  sur()rise  and 
coiifusion  at  finding  the  identical  "blacksmith"  of  the 
preceding  day  breakfasting  with  my  Lord !      The  Earl 
was  muchanuised  when  Mr.  I{ennie  afterwards  descriW 
to  him  the  incident  of  the  mending  of  the  broken  axle. 

One  of  his  few  hobbies  was  for  old  books;  and  if  he 
could  secuie  a  few  minutes'  leisure  at  any  time,  he  would 
wander  amongst  the  old  book-stalls  in  search  of  rare 

'   I'nis/rff  rnxhlU — a  iiaiiio  ap]»lie<l   in   the  West  of  ScotliUwl  to  a   i«fn»«'ii 
Ulniiniii^  tu  Paislfv. 
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volumes.  Froissart's  and  Monstrelet's  '  Chronicles '  were 
amoiifi^t  his  favourites,  and  we  find  him  on  one  occasion 
sending  a  present  of  duplicate  copies  to  his  friend  Whid- 
bey,  accompanied  with  tlie  wish  that  he  might  derive  as 
much  pleasure  from  their  j^erusal  as  he  himself  always 
did  from  reading  "  honest  John  FroisvSart."  He  also 
coumiissioned  his  friends,  when  travelling  abroad,  to 
pick  up  old  books  for  liim ;  and  in  1820  we  find  him 
indulging  his  "  extravagance,''  as  he  termed  it,  so  far  as 
to  retjuest  Sir  William  Jollift'e  to  bring  300/.  worth  of 
old  books  for  him  from  Paris. 

Although  Mr.  Rennie  realized  a  competency  by  the 
pr.ictice  of  his  profession,  he  did  not  acciunulate  a  large 
fortune.  The  engineer  was  then  satisfied  with  a  compa- 
ratively modemte  rate  of  pay,*  and  Mr.  Rennie's  charge 
of  seven  guineas  for  an  entire  day's  work  was  even 
objected  to  by  General  liro^^^lrigg,  the  head  of  the  Ord- 
nance l)ei)artment  at  the  time.  "Why,  this  will  never 
do,"  said  the  General,  looking  over  the  bill ;  "  seven 
guineas  a-day !  Why,  it  is  equal  to  the  pay  of  a  Field 
Marshal !"  ^''  AVell,'''  replied  Mr.  Rennie,  "  I  am  a  Field 
Marshal  in  my  ]>rofession ;  and  if  a  Field  Marshal  in 
your  lifie  had  answered  your  purpose,  1  suppose  you 
would  not  have  sent  for  me!"  ''Then  you  refuse  to 
make  any  abatement?"  ''Not  a  penny,"  replied  the 
engiiu'cr;  aii<l  the  l)ill  was  paid. 

Ml*.  Heiiiiie  was  bhimed  in  his  time  for  the  costliness 
of  his  designs,  and  it  was  even  alleged  of  him  that  he 
earrie<l  his  love  of  duiability  to  a  fault.  But  there  is  no 
doul»t  that  the  solidity  of  his  structures  ])roved  the 
brst  eeoiioiiiy  in  the  long  run.  Elevated  by  his  genius 
and  liis  eonseientiousness  above  the  thoughts  of  imme- 

'   W'c  li..  iiMt   wontlcr  to    fiii.l    Mr.  liis  lull  against  tlie  MjinchcstiT  WattT- 

K.  liiii'-  « ..inj.|;iiiiiii;^  «»t"  tlir  small  n-  works  ('oiii|»jmy,  lor  his  year  ami  a- 

iiisiii.  r,»ti"ii  <»t   '{."i*'/.  awanliil  to  liini  lialfs  advice   ami  s<Tvi('»',  aiuountin'^ 

l.\  til.    K.  jiiHt  aiMl  Avt.n  Canal  Coin-  to  only  1  ")!>/.  ".•*.,  liis  cliari^c  to  tln-ni 

j«.»nv    l"r     r. .n'^iru<tin:4     tlirir    canal  l«»r  a  wIhiIc  <lay's  lalxmr  lnin;j;  <»nly 

\s<<rlvH;  .m'l   wr  art'  surpristil  to  lind  <»/.  ^in. 
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diate  personal  gain,  no  consideration  would  induce  him 
to  recommend  or  coimtenance  in  any  way  the  construc- 
tion of  cheap  or  slight  work.  He  held  that  tlie  engineer 
had  not  merely  to  consider  the  present  but  the  future 
in  laying  down  and  carrying  out  his  plans.  Hence  his 
designs  of  docks  and  harbours  were  usually  framed  so  as 
to  be  capable  of  future  extension ;  and  his  bridges  were 
built  not  only  for  his  own  time,  but  with  a  view  to  the  uses 
of  generations  to  come.  In  fine,  Mr.  Rennie  was  a  great 
and  massive,  yet  a  perfectly  simple  and  modest  man ;  and 
though  his  engineering  achievements  may  in  some  mea- 
sure have  been  forgotten  in  the  eulogies  bestowed  upon 
more  recent  works,  they  have  not  yet  been  eclipsed,  nor 
indeed  equalled ;  and  his  London  bridges — not  to  men- 
tion his  docks,  harbours,  breakwater,  and  drainage  of 
tlie  Lincoln  Fens — will  long  serve  as  the  best  exponents 
of  his  genius. 

The  death  of  this  eminently  useful  man  was  felt 
to  be  a  national  loss,  and  his  obsequies  were  honoured 
by  a  public  funeral.  His  remains  were  laid  near  those 
of  Sir  C'liristopher  Wren  in  St.  Paul's  Cathedral,  the 
dome  of  which  overlooks  his  finest  works.  The  sjime 
motto  might  apply  to  him  as  to-  the  great  architect  near 
whose  remains  his  lie — "  Si  monmnentum  quaeris,  cir- 
cumspice.'' 
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time  of  peace,  a  kind  of  outcasts,  against  whom  the 
united  powers  of  England  and  Scotland  were  often 
employed.  On  the  Scotch  side  of  the  Esk  were  the 
Jolmstones  and  Armstrongs,  and  on  the  English  the 
Graemes  of  Netherby ;  but  both  clans  were  alike  wild 
and  lawless.  It  was  a  popular  border  saying  that 
'*  Elliots  and  Armstrongs  ride  thieves  all ;"  and  an  old 
historijm  says  of  the  Graemes  that  "  they  were  all  stark 
moss-troopers  and  arrant  thieves ;  to  England  as  well  as 
Scotland  outlawed."  The  neighbouring  chiefs  were  no 
l>etter  :  Scott  of  Buccleugh,  from  whom  the  modem 
Duke  is  descended,  and  Scott  of  Harden,  the  ancestor  of 
the  novelist,  were  both  renowned  freebooters. 

There  stand  at  this  day  on  the  banks  of  the  Esk, 
only  a  few  miles  from  the  English  border,  the  ruins  of 
an  old  fortalice,  called  Gilnockie  Tower,  in  a  situation 
which  in  point  of  natural  beauty  is  scarcely  equalled 
even  in  Scotland.  It  was  the  stronghold  of  a  chief 
|x>pularly  known  in  his  day  as  Johnnie  Armstrong.^ 
He  was  a  miglity  freebooter  in  the  time  of  James  V., 
and  the  terror  of  his  name  is  said  to  have  extended  as 
far  as  Ne\vcastle-U]x>n-Tyne,  between  whicli  to\\ai  and 
bis  aistle  on  the  Esk  he  was  accustomed  to  levy  black- 
mail, or  ''protection  and  forbearance  money,"  as  it 
was  called.  The  King,  however,  determim'ng  to  put 
d(»wn  by  the  strong  hand  the  depredations  of  the  march 
nitMi,  made  a  sudden  expedition  along  the  borders;  and 
Johnnie  Armstrong  having  been  so  ill-advised  as  to 
inaki*  his  api)t\arance  with  his  followers  at  a  place 
c:illt*d  Carleiirig,  in  Etterick  Forest,  between  Hawick 
and  I^mgliolm,  James  ordered  him  to  instiint  execu- 
tion. Had  Johnnie  Armstrong,  like  the  Scotts  and 
Kcrs  and  Jolmstones  of  like  calling,  been   imprisoned 

'  Sir  Walter  So»tt,  in  his  iiut<^  to       onintry  luljaa'nt  to  this  day  holii  the 


x\u'  *Mii»>tnlMy  of  the  So»ttish  lk)r- 
»itr/  N.iy-«  that  tlit*  c'oiiiinoii  |k^»|»U'  of 
lilt-  huh  ]art.s  *A  LidiiUtiiialc  and  the 
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iiu'iiiory   of    .h))niiiic    Anustron^    in 
very  hi;;h  rcii|>cct. 
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beforeliancl,  lie  mip:lit  iK)ssil)ly  liavo  Burvivecl  to  found 
a  Britisli  peera<>:e ;  but  as  it  was,  the  genius  of  the  Arni- 
stioiij;*  dynasty  was  tor  a  time  extinguislied,  only,  liow- 
cver,  to  reapi>ear,  after  the  lapse  of  a  few  centuries,  in 
tlie  ]>ers()]i  of  the  eminent  engineer  of  Xewx^stle-ujxm- 
Tyne,  the  inventor  of  the  Armstrong  gim. 

The  two  centuries  and  a  half  wliich  have  elapsed  since 
then  have  indeed  etlected  extraordinary  changes.'  The 
energy  which  the  old  borderers  threw  into  their  feuds 
has  not  become  extinct,  but  survives  under  more  be- 
nignant as])ects,  exhibiting  itself  in  efforts  to  eidighteii, 
fertilize,  and  enrich  the  country  wdiich  their  wasteful 
ardour  before  did  so  much  to  disturb  and  imjx)verisli. 
The  heads  of  the  Huccleugh  and  Elliot  family  now  sit  in 
the  Britisli  Housi^  of  Lords.  The  descendant  of  Scott  of 
Harden  has  achieved  a  world-wide  reputation  as  a  ]X>ot 
and  novelist;  and  the  representative  of  the  Graemes 
of  Xetlu^rby — whose  eountry  seat  now  sits  so  |>eacefully 
amidst  its  woods  upon  the  English  side  of  the  border, 
overlooking  Lower  Esk — is  one  of  the  most  venerable 
and  respected  of  Hritish  statesmen.     The  lx>rder   men, 

^   It  \v:is  Innii;  W\\*rv  tlu'  iK-forina-  at  a  phuv  oalUil  Craii^lmuiih,  on  Esk- 

tinii  iIuwcjI  into  the  stcliuU"*!  valli'V  ilaK*  Miiir,  one  Hislop,  a  voiinj;  otvi*- 

of  tin'  Esk:    Imt   wlu'ii    it   «li«l,    the  nantcr,  wrt.s  shot  l>y  Johiwtoni' s  mt-n, 

iiiriiLiy    <»t'    tlK'    Honlercrs    «lisplayf<l  ami   Imric*!   where   he   fell;    n.    j^ay 

iisclt'  ill  tlir   i'xtn*nn'  t'onu   of  their  shilwtoiic  still  ninrkiiifi  the  place  t»l" 

o|»|H»sitinn  to  till'  olil  religion.     The  his  rest.     Suioe  that  time,  however, 

Kskilale  |K'«»j)le  iH-eaine  as  resohito  in  (|iiiet  has  rei;xiutl  in  Hskilale,  uihl  itn 

tlieir  (•«)veiuuitinLC  as  tliey  had  Ix'fore  sniall    ]N)piilati<»u    have    gone   aUmt 

inrn  in   their  iVeelMM)tin;: ;    ami    the  their  daily  hulustrj' from  one  pi*nera- 
nnH»rlan<l     fastnesses    of    the    nK»s8-    ,    tion  to  am>ther  in  jx'aci*.    Yet,  thoU}!h 

tnHijHM-s  Ixeanie    the   haunts   of   the  sechulwl  and  apparently  shut  out  hy 

IKisreutnl  ministers  in  the  reipi  i»f  tlie  surroundin*;  hills  m>m  the  outer 

the   s.-<dnd   .lanus.      A   little  aUjve  world,   then*  is  not    a   throb  of  the 

Lan;zhohn  is  a  Iiill  known  as  **  IVnlen's  nation's  heart  but  pulsates  alon*:  the 

View,"  and  tlie  well  in  tlie  ^^reen  liol-  valley;  and  when  the  author  visiteil 

low  at  its  toot  is  still  ealle<l  **  l*e<len's  it,   »t»me   two  yean*  sinci',  he  found 

Well" -that   plaee  havin;r  K-en   the  that  a  wave  <»f  the  great  Volunteer 
haunt  (»f  Alexander  IVlen,  the  "j)n>-    ,    movement  ha*!  floweil  into  Kskilale; 

piiet."     His  hidin^-])laee  was  anmnj:^  and    the   "Imls  of  Langholm**  were 

tiie  alder-hushes  in  the  hollow,  while  drilling  and    marching    under   their 

from  the  ]iill-t«»[>  he  o»ul«l  hM»k   up  chief,    young   Mr.   Malcolm    of   the 

the  valley,  an<l  see  whether  the  John-  liurnfiKjt,  with  even  nion;  zeal  tlian 
stoiM's  of  Wester  Hall  were  eoniin;:.    '   in  the  )>o])ulons  and  far  monM*x|)(«Lil 

(^uite  at  the  liead  of  tlie  s;uiie  valley,  t»>wns  and  citie#»  of  the  south. 
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who  used  to  make  sucli  fiirioiis  raids  and  forays — 
have  now  come  to  regard  each  other,  across  the  ima- 
ginary Une  which  divides  them,  as  friends  and  neigh- 
l)ours ;  and  they  meet  as  competitors  for  victory  only  at 
agricultural  meetings,  where  they  strive  for  prizes  for 
the  higgest  turnips  or  the  most  eifective  reaping-ma- 
chines ;  whilst  the  men  who  followed  their  Johnstone 
or  Armstrong  chiefs  as  prickers  or  hobilers  to  tlie  fray 
have,  like  Telford,  crossed  tlie  border  with  powers 
of  road-making  and  bridge-building  which  have  proved 
a  source  of  increased  civilization  and  well-being  to  the 
|)opulation  of  the  entire  United  Kingdom. 

The  hamlet  of  Westerkirk,  with  its  parish  chm'ch  and 
scliool,  lies  in  a  narrow  part  of  the  valley,  a  few  miles 
above  Langholm.  Westerkirk  parish  is  long  and  narrow, 
ite  boundaries  being  the  hill-tops  on  either  side  of  the 
dale.  It  is  about  seven  miles  long  and  two  broad,  with 
a  population  of  about  600  persons  of  all  ages.  Yet 
this  number  is  quite  as  much  as  the  district  is  enabled 
to  suj)|K>rt,  as  is  proved  by  its  remaining  as  nearly  as 
lK)ssible  stationary  from  (me  geneniticm  to  another.* 
But  what  becomes  of  the  natural  increase  of  families? 
"  Oh,  they  swarm  oft'!  "  was  the  explanation  given  to  us 

*  Tlie  names  of  the  families  in  the    |        Adew!  GrosBare,  Niksook,  and  Bells, 

valley  remain  ven'  nearly  the  same  Oft  have  we  fairne  owrthreuch  the  felU: 

n»  they  were  three'  hundrcVi  years  aj^o  A*lew  !  Rohsoius  Howis,  and  Pyli*, 

-the'johnstoneH,  Littk^,  Scotts,  and  Tl^^f^"!"""  Tn  ^  ??^  !^' 

l^tti.  ,r..vailin,  al.ve  Un.holm  ;  L^l^I^S^w^irl^'r^ 

ai«      he   Anns  rongs,    Bells,    Irwms,  s,*edy  of  flicht,  and  slkht  of  handi. ; 

au<l   Craemes   lower    down    tuwanhj  The  Scotte  of  Ebdale,  and  the  Gnunk, 

Cant  ►hie  ami  Netherby.    U  is  mterest-  i  haf  na  thne  to  tell  your  namcis." 
in$;  to  fin<l  that  Sir  David  Lindesay,  in 

his  curious  «lrama  j^ublished  in  *  Pin-  Telford,  or  Telfer,  is  an  old  name 

kerton  s  Sa»tish  Poems '  (vol  ii.,  p.  in    the    same    neighbourhood,   oom- 


l''>^»)»  giv(«  those  as  among  the  names 
of  the  lji»nlenT8  some  three  hundred 
years  since.  One  Common  Thift^ 
when  sentencefl  to  ci>ntlign  punish- 
ment, thus  rememliers  his  IVinler 
frieinU  in  his  tlying  siK^-ch  : — 

••  A«U*w  !  my  Imitber  Annaii  theiv«K, 
Tliat  lH»i|iit  me  in  my  miarlieiviji ;  head.** 

u  2 


memomted  in  the  well  known  bonder 
ballail  of  Mamie  Telfer  of  the  fair 
Dodhcad.'  Sir  W.  Scott  says,  in  the 
•Minstrelsy,'  that  "there  is  still  ft 
family  of  Telfers,  rwiding  near  I^ang- 
holm,  who  pretend  to  derive  their 
di'scent  from  the  Telfers  of  the  Ood- 


292  TP^LFORD'S  PARENTAGE.  Part  VIII. 

by  a  native  of  the  valley.  "  If  they  remained  at  home," 
said  he,  "  we  should  all  be  smik  in  poverty,  scrambling 
wdth  each  other  amongst  these  hills  for  a  bare  living. 
But  our  peasantry  have  a  spirit  above  that :  tliey  will 
not  consent  to  sink  ;  they  look  up  ;  and  om-  parish  schools 
give  them  a  power  of  making  their  way  in  the  world, 
each  man  for  himself.  So  they  swarm  off — some  to 
America,  some  to  Australia,  some  to  India,  and  some, 
Hke  Telford,  work  their  way  across  the  border  and  up 
to  London,  though  he  is  the  only  one  from  this  valley 
who  has  yet  reached  Westminster  Abbey." 

One  would  scarcely  have  expected  to  find  the  birth- 
])lace  of  the  builder  of  the  Menai  Bridge  and  other  great 
national  works  in  so  obscure  a  corner  of  the  kingdom. 
Possil)ly  it  may  already  have  struck  the  reader  with 
surprise,  that  not  only  were  all  the  engineei's  described  iii 
the  preceding  pages  self-taught  in  their  professions,  but 
tliey  were  brouglit  up  mostly  in  remote  country  places, 
far  from  tlie  active  life  of  great  toA\ais  and  cities.  But 
genius  is  of  no  locality,  and  springs  alike  from  the  farm- 
house, the  peasant's  hut,  or  the  herd's  shieling.  Strange 
indeed  it  is  that  the  men  who  have  built  our  bridges, 
docks,  lighthouses,  canals,  and  railways,  should  nearly 
all  have  Ijcen  country-bred  boys  :  Edwards  and  Brindley 
the  sons  of  small  farmers ;  Smeaton,  brought  up  in  his 
father's  country  house  at  Austhorpe ;  Kennie,  the  son  of 
a  farmer  and  freeholder;  and  Stephenson,  brought  up  in  a 
village,  an  engine-teiiter\s  son.  But  Telford,  even  more 
than  any  of  these,  was  a  purely  country-bred  boy,  and 
was  born  and  brought  up  in  a  valley  so  secluded  that  it 
could  not  even  boast  of  a  cluster  of  houses  of  tlie  dimen- 
sions of  a  village. 

Telford's  father  was  a  herd  on  the  sheep-farm  of 
CxkMKlinning.  The  farm  consists  of  green  hills,  lying 
along  \\\c  valley  of  the  Meggat,  a  little  burn,  which 
descends  from  the  moorlands  on  the  e;ist,  and  falls  into 


the  E§k  near  the  hanitut  nf 
Wentorkirk.   JiilHiTiltunr^  ^^^  . 

et>ttage  wm  little  l»t'tter  -^U^r 
tlian  n  shU'Vui's.  run^isllnir  ^fllj^  ^ 
of  four  mud  walls,  spanned 

liy  a  tliatched  roof.  It  stood  upon  a  knoll  near  the 
k)wcr  end  of  a  deep  gully  worn  in  the  hillside  by  the 
torrent.s  of  many  winters.  The  ground  stretches  away 
from  it  in  a  long  sweeping  slope  up  to  the  sky,  and  is 
green  to  the  top,  except  where  the  bare  grey  rocks  in 
wime  places  crop  out  to  the  day.  From  tlie  knoll  may 
Ikj  seen  miles  on  miles  of  hills  up  and  down  the  valley, 
win<ling  in  and  out,  sometimes  branching  off  into  smaller 
«rlens,  each  with  it«  gurgling  rivulet  of  i>eaty-brown  water 
llowing  down  from  the  mosses  above.  Only  a  narrow 
strip  of  arable  lan<l  is  hero  and  there  visible  along  the 

'  Tlu'  thirraviii^  npn-Miits  the  valloy  of  tlu*  Mej5;at,  Hhowiii*;  the  cc»ttagi«  of 
<(|<'iiiiiiiniii'i  in  th<-  (iuitanci'. 
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bottom  of  tlie  dale,  all  above  being  sheep-pasture,  moors, 
and  rocks.  At  GleiKHimiiig  you  seem  to  have  got  almost 
to  the  world's  end.  There  the  road  ceases,  and  above  it 
stretch  trackless  moors,  the  solitude  of  which  is  only 
broken  by  the  wimpling  sound  of  the  bums  on  their  way 
to  the  valley  below,  the  hum  of  bees  gathering  honey 
among  the  heather,  the  whirr  of  a  blackcock  on  the 
wing,  the  plaintive  cry  of  the  ewes  at  lambing-time,  or 
the  sharp  bark  of  the  shepherd's  dog  gathering  the  flock 
together  for  the  fauld. 

In  this  cottage  on  the  knoll  Thomas  Telford  was  born 
on  the  9th  of  August,  1757,  and  before  the  year  was 
out  lie  was  already  an  orphan.  The  shepherd,  his 
father,  died  in  the  month  of  November,  and  was  buried 
in  Westei'kirk  churchyard,  leaving  behmd  him  his  w^idow 
and  her  only  child  altogether  unprovided  for.  We  may 
here  mention  that  one  of  the  first  things  which  that 
child  did,  when  he  had  grown  up  to  manhood  and  could 
'"  cut  a  headstone,"  was  to  erect  one  wdth  the  following 
inscription,  hewn  and  lettered  by  himself,  over  his 
fjither's  grave  : — 

"  In  Memory  op  John  Telfokd,  who,  after  living  33  Years  an 
Unblameable  Shepherd,  died  at  Glendinnino,  November,  1757", — 

a  simple  l)ut  poetical  epitaph,  wliich  Wordsworth  himself 
might  have  written. 

The  widow  ha<l  a  long  and  hard  struggle  with  the 
world  before  her  ;  Init  she  encountered  it  bravely.  Slie 
held  her  boy  to  work  for,  and,  destitute  though  she  w;\s, 
sh(»  had  him  to  educate.  She  was  hel23ed,  as  the  j)oor  s(.» 
often  are,  l)y  those  of  her  own  condition,  and  there  is  no 
sense  of  degradation  in  receiving  such  help.  One  of  the 
lisks  of  benevolence  is  its  tendency  to  lower  the  recipient 
to  the  condition  of  an  alms-taker.  Doles  from  pooi^s'- 
boxes  have  this  enfeel^ling  efiect;  but  a  poor  neigh- 
bour giving  a  destitute  widow  a  help  in  her  time  of 
need  is  Iblt  to  be  a  friendly  act,  and  is  alike  elevating  to 
the  character  of  both.     Though  misery  such  as  is  wit- 
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nesscnl  in  large  towns  was  (jiiitc  unknown  in  the  valley, 
there  was  iKjverty  ;  but  it  was  honest  Jis  well  as  hopeful, 
and  no  one  felt  ashamed  of  it.  The  farmers  of  the  dale 
were  very  primitive  ^  in  their  manners  and  habits,  and 
l>ein}j:  a  warm-hearted,  though  by  no  means  a  demon- 
strative race,  they  were  kind  to  the  widow  and  her 
fatherless  boy.  They  took  him  by  turns  to  live  with 
them  at  their  houses,  and  gave  his  mother  occasional 
employment.  In  spring-time  she  milked  the  ewes,  in 
sunnner  she  made  hay,  and  in  harvest  she  went  a-shearing ; 
s<j  that  she  not  only  contrived  to  live,  but  to  be  clieerful. 
The  house  to  which  the  widow  and  her  son  removed, 
at  the  Whitsuntide  following  the  death  of  her  Imsband, 
was  at  a  place  called  The  Crooks,  about  midway  between 


Glcndinning  and  Westerkirk.  It  was  a  thatched  cot- 
house,  with  two  ends;  in  one  of  which  lived  Janet 
Telford  (though  more  commonly  known  by  her  own 
name  of  Janet  Jackson)  and  her  son  Tom,  an<l  in  the 
other  her  neighbour  Elliot;  one  door  l)eing  conniion  to 
lx>th. 

Young  Telford  grew  up  a  healthy  l»oy,  and  he  was  so 
full  of  fun  and  huuiour  tliat  he  ]»ee<ime   known   in  the 

*   It  irmy  !•<'  iiniiti(»n(nl  as  a  curiniis  one  ol   wliicli  was  in  tin*  lioiis**  of  Sir 

Uci  that  aN.iit   thr  tiiiir  <»t  'IVIluni's  .laim-s  .J«»lmst<»n»' ot  \\\-»ti'r  Uall.  ami 

Vtrth  thtn*  wirt'  «»iily  two  t<a-kittlrs  tUv  otlu-r  in  that  (•!  Mr.   Malcolin  of 

ID    i\w  whok'   |iurihh    of   W«*t4rkirk,  tht*  Uumfo«»t. 
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valley  l»y  tlu^  namo  of  "  Laiip^hin^  Tarn."  When  he 
was  c)kl  enoug-h  to  herd  sheep  he  went  to  live  with  a 
relative,  a  shepherd  like  his  father,  and  he  spent  most 
of  his  time  with  him  in  sunnner  on  the  hill-side  amidst 
the  silence  of  natiu'e.  In  winter  he  lived  witli  one  or 
other  of  the  nei]Li:hl>(mring  farmers.  He  herded  their 
eows  or  ran  errands,  receiving;  for  reeomjoense  his  meat, 
a  j)air  of  stockino-s,  and  five  shillinj>;s  a  year  for  clopfs. 
Those  were  his  first  wa^^es,  and  as  he  grew  older  they 
were  p-adually  increased. 

Ihit  Tom  must  now  be  pnt  to  school,  and,  happily, 
small  thouj^-h  the  parish  of  Westerkirk  was,  it  possessed 
the  advanta^-e  of  that  admirable  institntion  the  parish 
school.  To  the  orphan  boy  the  merely  elementary 
teach iiio-  there  provided  was  an  immense  boon.  To 
master  this  was  the  first  step  of  the  ladder  he  was  after- 
wards to  mount;  his  own  industry,  energy,  and  ability 
must  do  the  rest.  To  school  accordingly  he  went,  still 
working  a-field  or  herding  cattle  during  the  summer 
months.  Perhaps  his  own  "penny  fee"  helped  to  pay 
the  teacher's  hire;  but  it  is  supposed  that  his  micle 
.lackson  defrayed  the  jirincipal  part  of  the  expense  of 
his  instruction.  It  was  not  much  that  he  learnt;  but 
in  acMjuiring  the  arts  of  reading,  writing,  and£gures,  he 
learnt  the  begiimings  of  a  great  deal. 

A|)art  from  the  question  of  learning,  there  was  another 
manifest  advantage  to  the  poor  boy  in  mixing  freely  at 
the  ])arisli  school  with  the  sons  of  the  neighbouring 
farmers  and  proprietors.  Such  intercourse  has  an  influ- 
ence upon  a  youth's  temper,  manners,  and  tastes,  which 
is  (piite  as  important  in  the  education  of  character  as 
the  lessons  of  the  miuster  himself;  and  Telford  often, 
in  after-life,  refiMied  with  pleasure  to  the  lK}nefits 
which  h(^  thus  dei'ived  from  his  early  school  friendships. 
Amongst  those  to  whom  he  was  accustomed  to  look 
l>ack  with  most  |)ride,  were  the  two  elder  brothers  of  tlie 
Malcohn  family,  both  of  whom  rose  to  high  raidv  in  tlu^ 
scrvicr  of  their  countrv  ;   William  Telford,  a  voutli   of 
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great  promise,  a  naval  surgeon,  wlio  died  young ;  and 
tlie  brothers  William  and  Andrew  Little,  the  former  of 
whom  settled  down  as  a  farmer  in  Eskdale,  and  the 
latter,  a  surgeon,  lost  his  eyesight  when  on  service  on  the 


[My  I<irciv.xi  Skclucu   afu.-r  hiM  Lri4uial  I-rkwrn^.] 


criast  of  Africa.  Andrew  Little  afterwards  established 
hiniM^f  fix  a  teacher  at  Langholm,  where  he  educated, 
amongst  others.  General  Sir  Charles  Pasley,  Dr.  Irving, 
the  Custodier  of  the  Advoaites'  Library  at  Edinburgh, 
and  others  known  to  fame  beyond  tlie  boimds  of  their 
native  valley.  Well  might  Telford  say,  when  an  old 
man,  full  of  years  and  honours,  (m  sitting  down  to 
write  his  aut4)biogra|»hy,  ''  I  still  rec*ollect  with  pride 
and  pli*:ixnn^  my  nativ(»  jKiriHli  <»f  Westerkirk.  on  the 
banks  of  the  Esk,  when*  I  was  born.'* 
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CHAPTER    II. 

Langholm — Telford  learns  the  Trade  op  a  Stonemason. 

The  time  arrived  when  young  Telford  must  be  put  to 
some  regular  calling.  Was  he  to  be  a  shepherd  like  his 
father  and  his  uncle,  or  wa^  he  to  be  a  farm-labom-er, 
or  put  apprentice  to  a  trade  ?  There  was  not  much 
choice ;  but  at  length  it  was  determined  to  bind  him  to 
a  stonemason.  In  Eskdale  that  trade  was  for  the  most 
part  confined  to  the  building  of  drystone  walls,  and  there 
was  very  little  more  art  employed  in  it  than  an  ordinarily 
neat-handed  labourer  could  manage.  It  was  eventually 
determined  to  send  the  youth — and  he  was  now  a  strong 
lad  of  about  fifteen — to  a  mason  at  Lochmaben,  a  small 
town  across  the  hills  to  the  eastward,  where  a  little  more 
building  and  of  a  better  sort — such  as  farm-houses,  bams, 
and  road-bridges — was  carried  on,  than  in  his  own  im- 
mediate neighbourhood.  There  he  remained  only  a 
few  months ;  for  his  master  using  him  badly,  the  high- 
sjjirited  youth  would  not  brook  it,  and  ran  away,  taking 
refuge  with  his  mother  at  The  Crooks,  very  much  to  her 
dismay. 

What  was  now  to  be  done  with  Tam  ?  He  was  willing 
to  do  anything  or  go  anywhere  rather  than  back  to 
his  Lochmaben  master.  In  this  emergency  his  cousin 
TlioHias  Jackson,  the  factor  or  land-steward  at  Wester 
Hall,  offered  to  do  what  he  could  to  induce  Andrew 
Thomson,  a  small  mason  at  Langholm,  to  take  Telford  for 
the  remainder  of  his  apprenticeship  ;  and  to  him  he  went 
accordingly.  The  business  carried  on  by  his  new  master 
was  of  a  very  humble  sort.    Telford,  in  his  autobiography, 
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fitiitcs  tliat  most  of  the  farmers'  houses  in  the  district  tlien 
consisted  of  "  one  storey  of  mud  walls,  or  rubble  stones 
Ixidded  in  clay,  and  thatched  with  straw,  rushes,  or 
heather ;  the  floors  beinp^  of  earth,  and  the  fire  in  the 
middle,  havinj^  a  plastered  creel  chimney  for  the  escape 
of  tlie  smoke ;  and,  instead  of  windows,  small  open- 
ings in  the  thick  mud  walls  admitted  a  scanty  light." 
The  fann-buildings  were  of  a  similarly  wretched  de- 
scTiption. 

The  principal  owner  of  the  landed  property  in  the 
neighlK:)urhood  was  the  Duke  of  Buccleugh ;  and  shortly 
after  the  young  Duke  Henry  succeeded  to  the  title  and 
estates  in  17G7,  he  introduced  considerable  improvements 
in  the  tanners'  houses  and  farm-steadings,  and  the  dwell- 
ings of  the  j)easantry,  as  well  as  of  tlie  roads  through 
Eskdale.  In  this  way  a  demand  sprang  up  for  masons' 
lalx^ur,  and  Telford's  master  had  no  want  of  regular 
empl<  )yment  for  his  hands.  Telford  had  the  benefit  of  this 
increase  in  the  building  operations  of  the  neighbourhood ; 
not  only  in  raising  rough  walls  and  farm  enclosures,  but 
in  erecting  bridges  across  rivers  wherever  regular  roads 
for  wliecl  carriages  were  substituted  for  the  horse-tracks 
formerly  in  use. 

During  the  greater  j)art  of  his  apprenticeship  Telford 
liv(Ml  in  the  little  town  of  Ijangholm,  taking  frequent 
opp<»rtunities  of  visiting  his  mother  at  The  Crooks  on 
Saturday  evenings,  and  accomiumying  her  to  the  parish- 
church  of  Westerkirk  on  Sundays.  Langholm  was  then 
a  very  poor  town,  being  no  better  in  tliat  respect  than 
the  district  that  surrounded  it.  It  consisted  chiefly  of 
mud  hovels,  covered  with  thatch — the  principal  building 
in  it  U»ing  the  Tolbooth,  a  stone  and  lime  structure, 
till*  u))|)er  part  of  which  was  used  as  a  justice-liall  and 
the  l<»\v«M-  part  as  a  gaol.  There  were,  liowever,  a  few 
guo<l  houses  in  the  little  town  occupied  by  people 
of    tin*    Ix'tter   cla.<s,    and    in    one    of   these     lived    an 
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elderly  lady,  Miss  Pasley/  one  of  the  family  of  the 
Pasleys  of  Craig.  As  the  town  was  so  small  tliat 
everyl)()dy  in  it  knew  everybody  else,  the  ruddy- 
cheeked,  laugliing  mason's  apj^rentice  soon  became  gene- 
rally knowii  to  all  the  townspeople,  and  amongst  others 
to  Miss  Pasley.  AVhen  she  heard  that  he  was  the 
poor  orphan  boy  from  np  the  valley,  the  son  of  the  hard- 
working widow  woman,  Janet  Jackson,  so  "  eident ''  and 
so  industrious,  her  heart  warmed  to  the  mason's  appren- 
tice, and  she  sent  for  him  to  her  house.  That  was  a 
proud  day  for  Tarn ;  and  when  he  called  upon  her,  he 
was  not  more  pleased  with  Miss  Pasley's  kinchiess  than 
delighted  at  the  sight  of  her  little  library  of  books, 
which  contained  more  volumes  than  he  had  ever  before 
seen.  lie  had  l)y  this  time  acquired  a  strong  taste 
for  reading,  and  indeed  exhausted  all  the  little  book 
stores  of  his  friends.  Ilis  joy  may  therefore  be  ima- 
gined when  Miss  Pasley  vohmteered  to  lend  him  some 
books  from  her  own  library !  Of  course  the  young 
mason  eagerly  and  thankfully  availed  himself  of  the 
piivilege ;  and  thus,  while  working  as  an  apprentice 
and  afterwards  as  a  journeyman,  he  gathered  liis  first 
stores  of  information  in  British  literature,  in  wdiich  he 
was  accustomed  to  the  close  of  his  life  to  take  such 
])leasure.  He  almost  always  had  some  book  with 
him,  which  he  would  snatch  a  few  minutes  to  resid 
during  the  intervals  of  his  work ;  and  in  the  winter 
nights  he  occupied  his  si)are  time  in  poring  over  the 
voluiues  that  came  in  his  way,  usually  with  no  better 
light  than  what  was  afforded  by  the  cott^ige  fire.  On 
one  occasion  Miss  Pasley  lent  him  'Paradise  Lost/  tuid 
he  took  the  book  with  him  to  the  hill-side  to  read. 
His  delight  was  such  that  it  fairly  taxed  his  |Knvers 
of  expression.      He  could  only  siiy   "1  read  luid  rcjul, 

'   Aunt  of  Sir  Cliarhs  l*ai<lcv,  latclv  tlcrciUHitU 
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and  glowTcd ;  then  read,  and  read  again."  He  was 
also  a  preat  admirer  of  Bums,  whose  writings  so  in- 
flamed his  mind  that  at  the  age  of  twenty-two,  wlien 
l«irely  out  of  his  apprenticeship,  we  find  him  breaking 
out  in  verse.^ 

By  diUgently  reading  all  such  books  as  he  could 
1  Marrow  from  friends  and  neighbours,  Telford  made  con- 
sidenible  progress  in  his  learning;  and,  what  with  his 
scribbHng  of  "poetry"  and  various  attempts  at  com- 
p>siti<)n,  lie  had  become  so  good  and  legible  a  ^vriter 
that  he  was  often  called  uY>on  by  his  less-educated  fel- 
lows to  \M.m  letters  for  them  to  their  distant  friends. 
He  was  always  wnlling  to  help  them  m  this  way;  and, 
the  other  working  ix.H)ple  of  the  town  making  use  of  his 
services  in  the  sjime  manner,  all  the  little  domestic  and 
family  histories  of  the  j)lace  soon  l)ecame  familiar  to  him. 
One  evening  a  Langholm  man  asked  Tom  to  write 
a  letter  for  him  to  his  son  in  England;  and  when  the 
young  si^ribe  read  over  what  had  been  written  to  the  old 
man*s  dictation,  the  latter,  at  the  end  of  almost  every 
sentence,  exclaimed,  "  Cai)ital !  capital ! "  and  at  the  close 
he  sjiid,  "  AVell !  I  siiy,  Tam !  Werricht  himsel'  coukhia 
ha'  written  a  better ! " — the  sjiid  Wright  being  a  well- 
known  lawyer  or  "  writer  "  in  Langholm. 

His  api)renticeship  over,  Telford  went  on  working 
as  a  journeyman  at  Langholm,  his  wages  at  the  time 
l>eing  only  eighteenpence  a-day.  What  was  called  the 
New  Town  was  then  in  course  of  erection,  and  there 
are  houses  still  })ointed  out  in  it,  the  walls  of  which 
Tchbnl  heliHjd  to  put  tx>gether.  In  the  town  are  three 
arche<l  door-hejids  of  a  more  ornamental  character  than 


*   III    l»U   •  Kjtwtle    t«)   Mr.   WalUT  I  toriniw  ran'<T : — 

Rna.lii.Kiii;  nrst  miiaisl.i.l  in  *  Iti^Mi-  i  ..  ^^^^  ^^^  „^.  ,^.„jj,.  ^.^^^^^  ^^^ 

luahn    \\.-.kIy    M;i-:i7.im',     in    liil»,  Who  oVr  tU- iii^rle  hiuij-*  liw  hcswi. 

«*rar  till-  !..ll..N%  iiijl;  Iiih-8  juhlrtivsc'tl  to  I  ^^^j  x^.^,  „f  iwi^jhUmn*  book»  to  road  ; 

IWmtK,  in  wUivh  Trlfonl  inciiUntally  |  For  heiuv  arim 

»ki-tch<>    him.vlf    at    the    time,    und  Thy  i-ouDtry'tt  w>ub,  wh«)  fiir  an*  ^read, 

hiutrt    at    Uih    owu   tiubiMH|Ui*lit   iniTi-  j  Uaith  bold  aod  wim>." 
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tho  rest,  of  ToltonVs  hewniig:  for  lie  was  ahvailv  l>e- 
jriniiinir  to  set  np  liis  ]>reteiisions  as  a  eniftsman,  and  took 
|>ri«le  in  pointiiifr  to  tlie  siij>erior  liaiiiiiwork  which  pnv 
cotvkMl  from  his  chisel.  About  the  saniethne  the  hridire 
connectiiiir  the  Old  with  the  New  To\^^l  was  built  across 
the  Esk  at  Lanjrholm,  and  upon  that  structure 
he  was  also  employed.  Many  of  the  stones  in  it 
were  hewn  by  his  hand,  and  on  sevei^al  of  the 
blocks  forming  the  land-breast  his  tool  mark  is 
still  t(^  be  seen. 
X()t  long  after  the  l)ridge  was  finished,  an  iinusiially 
high  ll()0(l  or  spate  swept  down  the  valley.  The  Esk 
was  *'  i'(Xiring  red  frae  bank  to  biTie,"  and  it  was  gene- 
rally feared  that  the  new  brig  would  be  candied  away. 
Andrew  Thomson,  the  master  mason,  was  from  home 
at  the  time,  and  his  wife,  Tibby,  knowing  tliat  he  was 
bound  by  his  contract  to  maintain  the  fabric  for  a 
period  of  seven  years,  was  in  a  state  of  great  alarm. 
She  ran  from  one  person  to  another,  wiinging  her 
liaiids  and  sobbing,  *'  Oh  !  we'll  be  ruined — we'll  all  \>e 
ruined  I "  In  her  distress  she  thought  of  Telford,  in 
whom  she  had  great  confidence,  and  called  out,  "Oh! 
wheic's  Tammy  Telfer — where's  Tammy?"  He  was 
immediately  sent  for.  It  was  evening,  and  he  was  soon 
found  at  the  house  of  Miss  Pasley.  When  he  came 
running  u]\  Tibby  exclaimed,  "  Oh,  Tammy !  they've 
hoen  on  the  brig,  and  they  say  it's  shakin' !  It  '11  be 
doon  !  "  *'  Never  you  heed  them,  Tibby,"  said  Telford, 
clap[)ing  her  on  the  shoidder,  "there's  nae  fear  o'  the 
l)rig.  I  like  it  a'  the  better  that  it  shakes — it  proves  it's 
weel  ])ut  tliegither."  Tibby's  fears,  however,  were  not 
so  easily  allayed  ;  and  insisting  that  she  hcfird  the  brig 
''  rumliii,"  she  ran  up — so  the  neighbours  afterwards  used 
to  say  of  her — and  set  her  back  against  the  parapet  as  if 
to  hold  it  together.  At  this,  it  is  siiid,  "Tarn  hodgedand 
Icuch  ;"  and  Tihby,  observing  how  easily  he  took  it^  at 
length  grow  more  calm.     It  soon  became  clear  enough 
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tliJit  the  bridge  wa8  sufficiently  strong ;  for  the  flood  8ul> 
sided  without  doing  it  any  liarm,  and  it  has  stood  the 
furious  spates  of  nearly  a  century  uninjured. 

Telford  acquired  considerable  general  experience 
alniut  the  s;une  time  as  a  house-builder,  though  the 
structures  on  which  he  was  engaged  were  of  a  humble 
order,  l)eing  chiefly  small  form-houses  on  the  Duke 
(»f  IJuccleugh's  estate,  with  the  usual  outrbuildings. 
IVrliaps  tlie  most  important  of  the  jobs  on  which 
he  was  employed  was  the  manse  of  Westerkirk,  where 


•.  -•••  e.-k;  A.r..  '.'vKaiKR}::i;::  v:  rrir.  distance 


]\v  was  comi^aratively  at  home.  Tlie  liandet  stands 
on  a  green  hill-side  at  the  entrance  to  the  valley  of 
the  MeggJit.  It  consists  of  the  kirk,  the  ministers 
mans(\  the  parish-school,  and  a  few  cottages,  every 
<K-cu[Kint  of  wliicli  was  known  to  Telford.  It  is  backed 
by  the  purple  moors,  up  which  he  loved  to  wander 
in  his  leisure  hours  and  read  the  ]M)ems  of  Fergusson 
and  Burns.  The  river  Esk  gurgles  along  its  rocky 
\^vi\  in  tli(»  lM)ttom  of  the  dale,  separated  from  the 
kirkvard   by  a  steep  green   field  ;  whilst  near  at  hand, 
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bolnnd  the  manse,  strefch  the  fine  woods  of  Wester 
Hull,  where  Telford  was  often  wont  to  roam.  We  can 
scarcely  therefore  wonder  that,  amidst  sucli  j>astoral 
scenery,  the  descriptiv'o  poetic  faculty  of  tlie  comitiy 
mason  should  have  become  so  decidedly  and  stronjifly 
developed.  It  was  while  working  at  Westerkirk  manse 
that  Telford  sketched  the  first  draft  of  his  deserij>tive 
poem,  entitled  '  Kskdale,'  w^liich  was  pubhshed  in  the 
Toetical  Musemu  ^  in  1784. 

These  early  poeti(.*jvl  efforts  were  at  least  useful  as 
stimulatiufj!;  liis  self-education.  For  the  practice  of  j)oeti- 
cal  c()m[H)sition,  while  it  cultivates  the  sentiment  of 
beauty  in  thouii^ht  and  feelinj:;,  is  probal)ly  the  best  of 
all  excrcMses  in  the  art  of  writing  ('orrectly,  graimna- 
tically,  and  ex])ressively.  By  drawing  a  man  out  of 
his  ordinaiy  calling,  too,  it  often  furnishes  him  with  a 
power  of  hai>])y  thinking  which  may  in  after  life  be  a 
fountain  of  the  ])urest  })leasure;  and  this,  we  beh'eve, 
j)roved  to  be  the  case  with  Telford,  even  thougli  lie 
ceased  in  later  years  to  pursue  the  special  cultivation 
of  the  art. 


*  Tlio  '  l\)(_'(k'Jil  Musiciini/  Hawick,  I  Ami  western  suns  with  mellow  radiamt- 

p.    \Hn.      Mvskdiilo'    w;u*    jilU'rwards  I  l'l«y» 

rci)riiitiHl  l.y  '\\-\\on\   wIumi  livin«^  at  |  ^^'»"'  J?'^''  '"^  straw-nwfa  cottage  wiUi 

Shrrwsburv,    whrn    hv   aiUUda'tow  I  „  ^I^^'f.'^^  .    ,       u-    ..     „.      ^ 

liiu'S    l)V    way   uf    cuiiclusioii.       The  i  t^^els  Nature,  love  h«  (hrx.bbmg  heait 

1          i"                      I            ii       xi  '  eniploy. 

ixK'ni    (IcscnlK'S   very    pU-asanlly    tlu?  i  v       . .  f    ♦  «.«»  ♦k^;- «-*:c  :-.i  •  - •• 

,                *   i    1       1    .  •  .  '  r^<»r  envies  towns  their  artihcMU  JOT, 

lim;  pa-stural  scenery  ol  tlie  ilistrict:—  ,  •'  ' 

llio  featuivs  of  the  vsilloy  are  vcr}' 

"  \W\i  '\n'\'\  the  «,nvon  aMpiestorM  glens  Ikj-  I  lairly  tl(»scril)ed.     Its  wirly  history  is 

'"^^ »  !  thon  r.ipitily  sketched ;  next  it«  periud 

Wh.iv  munnniiiijj:  streams  anu-ug  the  j  ^,^'   ix^nler   strife,    at    length    hanpily 

„.:'''''':  ^'"^^'         ,       ,         ,  .  I    albiyeil  hv  the  union  of  the  kingdoms, 

Wlan.  lluwrry  n...ul.>w.s.lown  tlu-irnuir-    |    ^„^^^^.j.  ^^.j^-^^^  ^^^  Juhnstones,  IWeys. 

A.!^'"flHl'i.n.:vn  luuulet  litis  its  lunuMe  I  ?"^  ^^*'^'»^  jP^^^"  ^^}''^*^^}?h  »"^3^»**^'^ 
l„.„j__  honour  and  mme.     Aor  did  he  forget 

Tlui.s  n.un.i  Ins  little  fieMs,  the  i.easjuit  '  ^o  mention  Aiinstnuig,  the  author  uf 
.trays  I   ^^^^  *  Art  of  l^restJiring  Health/ who 

An  I  Mvs  his  tUk  al..ntc  the  inount^iin    i    Si'(!ni8  to   have  Invn  educattMl  in  the 

valley ;  and  iMickle,  the  tmnsUtor  of 
the  '  Lusi:ul/  wluKse  father  was  mini»- 
tcr  of  the  )Kiriiih  of  Umgholm;  both 
of  whom  'iVlford  took  a  natural  |irido 
in  :is  native  })oetji  of  K^kdalo. 


i^ra/.c  ; 
Ami,    wiiili'  tilt'    L^alc    hroithea    oVr    his 

rijH'iiiii^  U'raiii, 
Ainl   :*A\   rfiK*at>  liiii  liplaml  shephenl's 

strain. 
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Shortly  after,  when  work  became  slack  in  the  district, 
Telford  nndertook  to  do  small  jobs  on  his  own  account 
— such  as  tlie  hewinji^  of  gravestones  and  ornamental 
dcK)rheads.  He  prided  himself  especially  upon  his 
hewing,  and  from  the  specimens  of  his  workmanship 
which  are  still  to  be  seen  in  the  churchyards  of  Lang- 
\uAui  and  Westerkirk,  he  had  evidently  attained  con- 
siderable skill.  ()n  some  of  these  pieces  of  masoiny 
the  year  is  c^irved — 1770,  or  1780.  One  of  the  most 
ornamentiil  is  that  set  into  the  wall  of  Westerkirk  church, 
l)eing  a  monumental  slab,  with  an  inscription  and  mould- 
ing, surmounted  by  a  coat  of  arms,  to  the  memory  of 
James  Pasley  of  Craig. 

He  had  now  learnt  all  that  his  native  valley  could 
teach  him  of  the  art  of  masonry;  and,  bent  ujxm  self- 
improvement  and  gaining  a  larger  experience  of  life 
as  well  as  knowledge  of  his  trade,  he  detennined  to 
siH»k  emj)loyment  elsewhere.  He  accordingly  left  Esk- 
dale  for  the  first  time,  in  1780,  and  sought  work  in 
Kdinl)urgh,  where  the  New  Town  was  then  in  course 
of  erection  on  the  elevated  land,  formerly  green  fields, 
exten<ling  along  the  north  bank  of  the  "  Nor'  Loch."  A 
l>ridge  had  been  thrown  across  the  Loch  in  17G9,  the 
stiignant  pond  or  marsh  in  the  hollow  had  been  filled 
up,  and  Princes  Street  was  rising  a.s  if  by  magic.  Skilled 
masons  were  in  gpreat  demand  for  the  purpose  of  carrying 
out  these  andi&e  numerous  other  architectural  imi)r()ve- 
nientu  which  tlBie  in  progress,  and  Telford  had  no  difti- 
culty  in  obtaining  abundant  employment.  He  remained 
at  Edinburgh  for  about  two  years,  during  which  he  had 
tlie  advantage  of  takiug  j)art  iii  first-rate  work  and  main- 
taining liimself  comfortably,  whilst  he  devoted  much  of 
his  sjKire  time  to  drawing,  in  its  ap])lieation  to  architec- 
ture. He  took  the  opportunity  of  visiting  and  carefully 
Htudying  the  fine  specimens  of  ancient  work  at  Holy  rood 
House  and  (1ia|K»l,  the  Casth*,  Heriot's  Hospital,  and  the 
niimerons  curious   illustrations  of  middle  age  domestic 
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:  !  •■.■t»";Tinv  witli  wliirli  the  01*1  Town  altoimds.  II<.»  al-n 
:..'■  :-:  -v.  r;tl  j«iiiru<fys  to  tlie  lK»;nititiil  ol«l  clin|M.4  nf 
][  "-'.••  ^.  :.\  t]].-  liiii-lily  i»riiaiiH.*iitc<l  (lotliic  stylt\  situjitfl 
-  :..  :..:1'.-  !•»  tli».-  xnith  of  Ivliiilairjrli,  iiiakiii;j^  rart'tul 
■/.  "\:_:>  .tTL'-  Mi"n.'  iinpnrtaiit  jjarts  of  that  huil«h'ii;^. 
^^'!.-:.    1.'.'    ii.'i'l  thus   iniprovo'l   hiiiisulf  ''aial    stiuli^.'^! 

"'.  '..■■'  v.-;;-  !■.  hir  s».M.-ii  ill  Ivliiilniru'li,  in  ivtuniinu*  i«» 
*"      V -;-•■::::   i  ■  I'l..'!-."  lio  says,  "I  visito'l  tlie  justly  rt-l*- 

:  --.  •  A-  '  vy  *'t  M»;h«»>e."  There  he  was  rliariiu"!  l»y 
-...-  .■./"..  •'.•  i^l■A  ]M.it'»rct  workinaiisliij)  still  visil>jt»  rvt-ii 
■\  -"..-  ::::.-  -.r'  that  fine  r»ld  AhWy ;  aii*l  with  liis 
:  r!.-.  1    v.:-]i   >k«/Trlies   ami  ih'awin.irs,   lie   made   hi> 

V  y  '  V  *-.  K^K-lale  aii'l  the  laiiiihle  cotta;^v  at  Tin- 
'  >.  IV:*  !i..t  to  ivniaiii  there  lonjr.  He  miTi-ly 
■■  -  .    .  -      :  ::\'  :i   ]  artiii;:"  visit  to  his  iii(»ther  and    lela- 

■     ..-       :  :•.   -r-iti]!!:-  uj"»n  a   lonp:er  jnurney.     •- llavin,!:* 

.  '.."  .-V  -:!v-  in  liis  AntohinL'^raphv,  *'  tiie  nldi^lent^ 

:   '     "  '  :    :—:■!:.  I  ••••nsidered  that  niy  native  i-nuntry 

"   :  .    -  ■    v     :■:.  •ix'iir.x'u.'^  nf  t.\\ereisin;r  it  to  any  extent. 

. '.    •     :.:   .  .    ":  "u'-l    it    advisahle  (like    many   t^f  my 

'.    :  ..:.    :    |  i'-'.'0'.l>«»nt]iward,  where  inchistry  mi;rlit 

:".'  :..[ ":-  y::i'.'!ir  and  he  hetter  remnnerated." 

Iv:   :-    -•"!:_••  ■;r  l.r  railed  upon  jdl  his  (dd  friends  and 

/•  :.     -   ::.    ri;-.-   dale—  the   neifi'hbonrinj;:   fanners, 

V  :•.:•:.••.  1  him  and  his  mother  when  siru^jfjrhn.i: 
vv  ■  •.  /.'v  -  •:-  >';h«'Mlfcll«»ws,  many  of  whom  were 
'.•;:•«    :      !.-:^!.<r»_-.    like   liimself,  from   their  native 

V  :  \  -     :.  •  '   '    liiany  trit-nds  and  aequaintanees  he  liad 
.    -v      -:  V.    .;;:!;.:  a«-  a  mason  in  Lanjjcholm.      Every- 

•\  a!,  v.  ''..■:.'  r:«!iiwas  .i:«»injr  soutluand  all  wished  hini 
ti     :  -•  A-  !.Ti::thThf  leave-taking  was  over,  and  he 

-«  '  .'  :  I  1.'  \  1  I:  in  tlie  year  1782,  when  twenty-five 
w  .■  -  :  .^.  .  H-  I.:i  1,  like  the  little  river  Megfpit,  on  the 
i  I'-v-  ■■'  \\  =  '.  ii  i.i  wn-  hiiin.  tl«»ated  gradually  on  towards 
j|.  .'iri!  \\  rM:  liist  fn-m  the  nook  in  the  valley,  to 
\\\  •-!.  I  ivirl^  -.I!....!  :  ilu-nto  Lanjiholm  and  its  little  cirele  : 
and  iii'W.  likf  the  MeULi'a!.  which  Hi 'Ws  with  the  Esk  into 
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tlie  ocean,  he  was  about  to  be  borne  away  into  the  wide 
world.  Tarn,  however,  had  confidence  in  himself,  and 
no  one  had  fears  for  him.  As  the  neighbours  said,  wisely 
wagging  their  heads,  "  Ah,  he's  an  auld-farran  chap  is 
Tam ;  he'll  either  mak  a  spoon  or  spoil  a  horn ;  any 
how,  he's  gatten  a  good  trade  at  his  fingers'  ends." 

Telford  had  made  all  his  previous  journeys  on  foot ; 
but  this  one  he  rode  on  horseback.  It  happened  that 
Sir  James  Johnstone,  the  laird  of  Wester  Hall,  had  occa- 
sion to  send  a  horse  from  Eskdale  to  a  member  of  his 
family  in  London ;  but  he  had  some  difficulty  in  finding 
a  person  to  take  charge  of  it.  It  occurred  to  Mr.  Jack- 
son, the  laird's  factor,  that  this  was  a  capital  opportimity 
for  his  cousin  Tom,  the  mason ;  and  it  was  accordingly 
arranged  that  he  should  ride  the  horse  to  town.  When 
a  boy,  he  had  learnt  rough-riding  sufficiently  well  for 
the  puqx>se ;  and  the  better  to  fit  him  for  the  hardships 
of  the  road,  Mr.  Jackson  lent  him  his  buckskin  breeches. 
Thus  Tom  set  out  from  his  native  valley  well  moimted, 
with  his  little  bundle  of  "traps"  buckled  behind  him, 
and,  after  a  prosperous  journey,  duly  reached  London, 
and  delivered  up  the  horse  as  he  had  been  directed. 
Long  after,  Mr.  Jackson  used  to  tell  the  story  of  his 
cousin's  first  ride  to  London  with  great  glee,  and  he 
always  took  care  to  wind  up  with — "  but  Tam  forgot  to 
send  me  Ijack  my  breeks  I  " 


IXJWER  VALLEY  OP  THE  UEOOAT.  THE  CROOKB  IN  THE  DISTAHCE. 
[By  Pwetral  Blwltoo  ] 
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CHAPTER    III. 

Tei.ford  a  Working  Mason  in  London,  and  Foreman  of 
Masons  at  Poutsmoitth. 

A  COMMON  working  man,  whose  sole  property  consisted 
in  liis  mallet  and  cliiscls,  liis  leathern  apron  and  his 
industry,  might  not  seem  to  amount  to  much  in  "  the 
groat  world  of  London."  But,  as  Telford  afterwards 
used  to  say,  very  much  de2')ends  on  whether  the  man  has 
got  a  head,  with  brains  in  it  of  the  right  sort,  inx)n  his 
shouldei's.  In  London  the  weak  man  is  simply  a  imit 
added  to  a  vast  floating  crowd,  and  may  be  driven 
liither  and  tliitlier,  if  he  do  not  sink  altogether;  wliikt 
the  strong  nran  will  strike  out,  keep  his  head  al)Ove 
water,  and  make  a  course  for  himself,  as  Telford  did. 
There  is  indeed  a  wonderful  impartiality  about  London. 
There  the  capable  person  usually  finds  his  place.  When 
work  of  importance  is  required,  nobody  cares  to  ask 
where  the  man  who  can  do  it  best  comes  from,  or  what 
he  has  been  ;  Ijut  what  he  is,  and  what  he  caii  do.  Nor 
did  it  ever  stand  in  Telford's  way  that  his  fatlier  had 
been  a  ])oor  she])]ierd  in  Eskdale,  and  that  he  himself  had 
begun  his  London  career  by  working  for  weekly  wages 
with  his  mallet  and  chisel. 

After  duly  delivering  up  the  horse,  Telford  pro- 
ceeded to  present  a  letter  with  which  he  had  been 
charged  by  his  friend  Miss  Pasley  on  leaving  Lang- 
holm. It  was  a<ldressed  to  lier  brother,  Mr.  John  Paslev, 
an  enn'nent  London  merchant  —  brother  also  of  Sir 
Thomas  Pasley,  and  uncle  of  the  Malcolms.  Miss 
Pasley  recjuested  his  influence  on  behalf  of  the  young 
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m«ason  from  Eskdale,  the  bearer  of  the  letter.  Mr.  Pasley 
received  liis  countryman  kindly,  and  furnished  him  with 
letters  of  introduction  to  Sir  William  Chambers,  the 
architect  of  Somerset  House,  then  in  coiu'se  of  erec- 
tion. It  was  the  finest  architectural  work  in  progress 
in  the  metropolis,  and  Telford,  desirous  of  improving 
himself  by  experience  of  the  best  kind,  wished  to  be 
employed  upon  it.  It  did  not,  indeed,  need  any  in- 
fluence to  obtain  work  there,  for  good  hewers  were  in 
great  demand ;  but  om*  mason  thought  it  well  to  make 
sure,  and  accordingly  provided  himself  beforehand  with 
the  letter  of  introduction  to  the  architect.  He  was 
employed  immediately,  and  set  to  work  amongst  the 
hewers,  receiving  the  usual  wages  for  his  work. 

Mr.  Pauley  also  fiu*nished  him  with  a  letter  to  Mr. 
Roljcrt  Adam,*  another  distinguished  architect  of  the 
time ;  and  Telford  seems  to  have  been  much  gratified 
by  the  civility  which  he  received  from  him.  Sir  Wil- 
liam Chambers  he  found  haughty  and  reserved,  pro- 
l>ably  being  too  much  occupied  to  bestow  attention  on 
the  Somerset  House  hewer,  whilst  Adam  he  described 
as  affable  and  comnmnicative.  ''Although  I  derived 
no  direct  advantage  from  eitlier,"  Telford  says,  "yet 
so  jH)werful  is  manner,  that  the  latter  left  the  most 
favourable  impression;  while  the  interviews  with  both 
convinced  me  that  my  safest  plan  w^as  to  endeavoiu* 
to  advance,  if  by  slower  degrees,  yet  by  independent 
conduct." 

There  was  a  goml  deal  of  fine  hewer's  work  about 
Somerset  House,  and  from  the  first  Telford  aimed  at 
taking  the  highest  place  as  an  artist  and  tradesman  in 


^  Kulxrt  and  Juhu  Adam  were  I  near  Ilaniratead  (Lord  Mansfield's); 
;ireliit«t'tu  «>f  nnwiderable  repute  in  '  Portland  rlaoe.  Regent's  Park;  and 
thiir  d:\y.     Ani*»n«'  their  Ix)ndon  erec-   !    nunienms  Wewt  End  streets  and  man- 


ti*»iiH  Win*  the  Adelphi  Buildings,  in 
the  Straiul;  Lausilowno  House,  in 
Urkeley  Stpiare  ;  Cai-n  Wootl  House, 


sions.  The  screen  of  the  Admiraltr 
and  the  ornaments  of  Drapers*  Hall 
were  also  designed  by  them. 
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that  line.^  Diligence,  carefalness,  and  observation  will 
always  carry  a  man  onward  and  upward;  and  before 
long  we  find  that  Telford  had  succeeded  in  advancing 
himself  to  the  rank  of  a  firstK^lass  mason.  Judging 
by  his  letters  written  about  this  time  to  his  friends 
in  Eskdale,  he  seems  to  have  been  veiy  cheerful  and 
happy ;  and  his  greatest  pleasure  was  in  calling  up 
recollections  of  his  native  valley.  He  was  full  of  kind 
remembrances  for  everybody.  "How  is  Andrew,  and 
Sandy,  and  Aleck,  and  Davie  ? "  he  would  say ;  and 
"  remember  me  to  all  the  folk  of  the  nook."  He  seems 
to  have  made  a  round  of  the  persons  from  Eskdale  hi  or 
about  London  before  he  wrote,  as  his  letters  w^ere  full 
of  messages  Irom  them  to  their  friends  at  home ;  for  in 
those  days  postage  was  dear,  and  as  much  as  possible  was 
necessarily  packed  within  the  compass  of  a  working  man's 
letter.  In  one,  written  after  more  than  a  vear  s  ab- 
sence,  he  says  he  envies  the  visit  which  a  young  surgeon 
of  his  acquaintance  was  about  to  pay  to  the  valley ; 
''  for  the  meeting  of  long  absent  friends,"  he  adds,  "  is 
a  pleasure  to  l)e  equalled  by  few  other  enjoyments  here 
below." 

He  had  now  l:)een  more  than  a  year  in  London, 
during  which  he  had  acquired  much  practical  information 
both  in  the  useful  and  ornamental  branches  of  architec- 
ture. Was  he  to  go  on  as  a  working  mason  ?  or  what 
was  to  be  his  next  move  ?  He  had  been  quietly  making 
his  observations  iq)on  his  companions,  and  had  come 
to  the  conclusion  that  they  very  much  wanted  sjwrit, 
and,  more  than  all,  fore-thought.  He  foxmd  very 
clever  workmen  about  him  with  no  idea  whatever 
beyond    tlieir   week's   wages.      For   these  they  would 


'   Ijuii;  at'tor  'Jeltonl   hjul   Ik  come  hesiiid:  **  You  sou  thoee  stomas  tlu'it- : 

l;uiiuus,  1k'  was  ]>assin«^  over  WhUt-  fiirty  yt'jire  since  1  hewwl   ami   laiti 

I.K)    Wv'uhj^v   <»nc   tiny  with   a    IVk'nd,  ^    thcin,  w lion  wurkinjij  uu  that  biiiUiiu;.'. 

when,    i«>iiilin^    to    s«»nK*    lini'ly-<*nt  as  a  conmiou  maik»n.'' 
i>U>ncs  in  the  ctnnii-  m-aivbt  Ihc  bridge, 


Chap.  HI.  A  HEWEU  AT  SOMERSET  HOUSE.  311 

make  every  effort :  they  would  work  hard,  exert  them- 
selves to  keep  them  up  to  the  highest  point,  and  very 
readily  "  strike "  to  secure  an  advance ;  but  as  for  the 
next  week,  or  the  next  yearj  he  thought  them  exceed- 
ingly careless.  On  the  Monday  mornings  they  began 
"  clean ;"  and  on  Saturdays  there  was  the  week's  earn- 
ings to  spend.  Thus  they  lived  from  one  week  to  another 
— their  limited  notion  of  "  the  week  "  seeming  to  bound 
their  existence. 

Telford,  on  the  other  hand,  looked  upon  the  week  as 
only  one  of  the  storeys  of  a  building ;  and  upon  the 
succession  of  weeks,  rmming  on  through  years,  he  thought 
that  the  complete  life  structure  should  be  built  up.  He 
thus  describes  one  of  the  best  of  his  fellow-workmen 
at  that  time — the  only  individual  he  had  formed  an 
intimacy  with :  "  He  has  been  six  years  at  Somerset 
House,  and  is  esteemed  tlie  finest  workman  in  London, 
and  consequently  in  England.  He  works  equally  in  stone 
and  marble.  He  has  excelled  the  professed  carvers  in 
cutting  fN^rinthian  capitals  and  other  ornaments  about 
this  edifice,  many  of  which  will  stand  as  a  moniunent  to 
his  honour.  He  mulerstands  drawing  thoroughly,  and 
the  master  he  works  under  looks  on  him  as  the  principal 
supi)ort  of  his  business.  This  man,  whose  name  is  Mr. 
Ilatton,  may  be  half  a  dozen  years  older  than  myself  at 
most.  He  is  honesty  and  good  nature  itself,  and  is 
a<lore<l  by  both  his  master  and  fellow-workmen.  Not- 
withstanding his  extraordinary  skill  and  abilities,  he  has 
lx*en  working  all  this  time  as  a  common  journeyman, 
contented  with  a  few  shillings  a-week  more  than  the 
rest ;  l)nt  I  l)elieve  your  uneasy  friend  has  kindled  a 
sjttirk  in  his  breast  that  he  never  felt  before."  ' 

In  fact,  Telford  had  formed  the  intention  of  inducing 
this  julminible  fellow  to  join  him  in  commencing  busi- 
ness as  builders  on  their  own  account.    "  There  is  nothing 

'  Li'HvT  Ut  Mr.  Aiitlruw  IJttli*,  I^iighuliii,  dated  LoikIou,  July,  1783. 
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(lone  in  stone  or  marble/'  he  says,  "  that  we  cannot  do  in 
tlie  completest  manner."  Mr.  Robert  Adam,  to  whom  the 
sclieme  was  mentioned,  promised  his  support,  and  said 
he  would  do  all  in  his  ix)wer  to  recommend  them.  But 
the  great  difficidty  w^as  money,  which  neither  of  them 
possessed ;  and  Telford,  with  grief,  admitting  that  this 
w[is  an  "  insuperable  bar,"  the  sc^ieme  went  no  further. 

About  this  time  Telford  was  consulted  by  Mr.  Pul- 
teney  ^  resi)ccting  tlie  alterations  making  in  the  mansion 
at  AVester  Hall,  and  was  often  with  him  on  this  business. 
We  find  him  also  writing  down  to  Langholm  for  the 
prices  of  roofing,  masonry,  and  timber-work,  with  a 
view  to  preparing  estimates  for  a  friend  who  was  build- 
ing a  liousc  in  that  neighbourhood.  Although  deter- 
mined to  reacli  the  highest  excellence  as  a  manual 
worker,  it  is  clear  that  he  was  already  asj)iring  to  Ik? 
sonuithing  more.  Indeed,  his  steadiness,  j)ersevei'amx% 
and  general  ability  pointed  him  out  as  one  well  w^orthy 
of  promotion. 

How  he  achieved  his  next  step  we  are  not  informed ; 
but  we  find  him,  in  July,  1784,  engaged  in  sujxjrin- 
tendiiig  the  erection  of  a  house,  after  a  design  by  Mr. 
Samuel  Wyatt,  intended  for  the  residence  of  the  Com- 
missioner (now  occupied  by  the  Port  Adminil)  at 
Portsmoutli    Dockyard,    together   with   a   new   cliajx?], 


*  Mr.,  jiftt^rwanls  Sir  Williaiu  Piil-  j   is  told  in  Eskdalc  that  Miss  PultoDfy 

tciicy,    wjis   tlic    s<roiul    son    of    Sir  |    had  danced  at  a  public  ball  with  thi* 

JjiiiM's  .K)linstoru',  (it  "Wi'sk'rllall,  and  |    cider  bn)ther,  Sir  Januii,  aiid  aftoi^ 

assnnie<l  tlio  namo  of  Pultoncy  on  his  |    wanls  exj^resseii  such  ailniiration  t»f 

inairiM^c  to  Miss  I'ultency,   ni(?ce  of  i    him  that  it  was  n*ix*}itcd  to  hiui,  with 

tiic  Karl  of  Hath  and  of  Cioneral  Pul-  tljc  hint  that  he  might  do  worm?  than 

ti-ncy,    l»y   wliom   ho  succeeded  to  a  ]   ofler  his  hand  to  the  heiress.    "Then? 

larp'  fnrtunc;  he  after wanis  sueceedeil  '    is  only  one  slight  difliculty,"  said  be, 

to  tlu'  l)ar«»n('tcy  of  his  elder  brother  I    "  I  have  got  a  wife  alreatly ;  but,"  lie 

.lanus,    wlio   di(xl    without   issue    in  addetl,    **  if  she  would  like  n  John- 

17i>7.     Sir  Wilhani   Tuheney  re])re-  '    stone,    there's    my   brother    Will — a 

s«'Ut(<l     Cromarty,     and     alterwards  1    nnich   U'tter   looking   fellow    than   I 

sllrc•\^^l)^♦ry,    wlicrc    lie    usually   re-  •    am/"   1  low  it  may  have  Ixx'U  brought 

silled,  ii]  sivcii  succi'ssivc  rarliamcnts.  ■    alK)Ut    is   n<>t    statitl,    but   Will   did 

Ih'  was  a  ;_'nat  natron  of  'J'ellonrs,  as  make  u\t  to  the  hein.«s,  and  nuirriixl 

wr  .shall  attvrwards  tind.     The  st4»ry  iier,  ;u»suming  the  nameuf  her  (uiuily. 
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jiikI  several  buildings  connected  with  the  Yard.  Tel- 
ford took  care  to  keep  his  eyes  ojxjn  to  all  the  other 
works  going  forward  in  the  neighbourhood,  and  he 
states  that  he  had  frequent  op|X)rtunities  of  observing 
the  various  ojxjrations  necessary  in  the  foundation  and 
construction  of  graving-docks,  wharf-walls,  and  such 
like,  which  were  amongst  the  principal  occupations  of 
his  after-life. 

The  letters  ^vritten  by  him  from  Portsmouth  to  his 
Eskdale  corresf)ondents  about  this  time  were  cheerfiil  and 
hoiHiful,  like  those  he  had  sent  from  London.  His  principal 
giievance  was  that  he  received  so  few  from  home,  but  he 
sup|H)se(l  that  opjx^rtunities  for  forwarding  them  by  hand 
had  not  occurred,  ])ostage  being  so  dear  as  scarcely  then 
to  l>e  thought  of.  To  tempt  them  to  correspondence 
he  Kc»nt  copies  of  the  |)oems  which  he  still  continued  to 
com|M)se  in  the  leisure  of  his  evenings  :  one  of  these  was 
a  '  Poem  on  Portsdown  Hill.'  As  for  himself,  he  was 
«loing  very  well.  The  buildings  were  advancing  satis- 
factorily;  but,  ''above  all,"  stiid  he,  "my  proceedings 
are  entirely  approved  by  the  Commissioners  and  officers 
here — so  much  so  that  they  would  sooner  go  by  my 
advice  than  my  master's,  which  is  a  diingerous  point, 
U'in^  <lifHcult  to  keep  their  g(K)d  graces  ss  well  as  his. 
However,  I  will  contrive  to  manage  it."  ^ 

The  following  is  his  own  accomit  of  the  manner  in 
wliich  he  was  usually  occupied  during  the  winter  months 
while  at  Portsmouth  Dock: — '*  1  rise  in  the  morning 
at  7  (Fel»ruary  1st),  and  will  get  up  earlier  as  the  days 
leii;rtlion  until  it  come  to  5  o'clock.  1  immediately  set 
tn  wt»rk  to  make  out  accounts,  write  on  matters  of  busi- 
iu*ss,  4)r  draw,  until  breakfsist,  wliich  is  at  J).  Then  I  go 
int4»  the  Yard  al)OUt  10,  see  that  all  are  at  their  posts, 
an<l  am  rea<ly  to  advise  al>out  any  matters  that  may 
require  attention.     This,  and  going  round  the  several 


Ia'Xut  to  AiiUri'v^  Littlo,  I^uglKilin,  iliU%\  [NirUitiiouth,  July  23nl,  1784. 
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works,  occupies  until  about  dinner-time,  which  is  at  2 ; 
and  after  that  I  again  go  round  and  attend  to  what  may 
be  wanted.  I  draw  till  5  ;  then  tea ;  and  after  that  I  write, 
di-aw,  or  read  until  half  after  9  ;  then  comes  supper  and 
bed.  This  is  my  ordinary  round,  unless  when  I  dine  or 
spend  an  evening  with  a  friend ;  but  I  do  not  make 
many  friends,  being  very  particular,  nay,  nice  to  a  de- 
gree. My  business  requires  a  great  deal  of  writing  and 
drawing,  and  this  work  I  always  take  care  to  keep  under 
by  reserving  my  time  for  it,  and  being  in  advance  of 
my  work  rather  than  behind  it.  Then,  as  knowledge  is 
my  most  ardent  pursuit,  a  thousand  things  occur  which 
call  for  investigation  which  w^ould  pass  imnoticed  by 
those  who  are  content  to  trudge  only  in  the  beaten  path. 
I  am  not  contented  unless  I  can  give  a  reason  for  every 
particular  method  or  practice  which  is  pursued.  Hence 
I  am  now  very  deep  in  chemistry.  The  mode  of  making 
mortar  in  the  best  way  led  me  to  inquire  into  the  nature 
of  lime.  Having,  in  pursuit  of  this  inquiry,  looked  into 
some  books  on  chemistry,  I  perceived  the  field  was 
boundless;  but  that  to  assign  satisfactory  reasons  for 
many  mechanical  processes  required  a  general  know- 
ledge of  that  science.  I  have  therefore  borrowed  a 
MS.  copy  of  Dr.  Black's  Lectures.  I  have  bought  liis 
'  Ex})eriments  on  Magnesia  and  Quicklime,'  and  also 
Fourcroy's  Lectures,  translated  from  the  French  by  one 
Mr.  Elliot,  of  Edinburgh.  And  I  am  determined  to 
study  the  subject  with  im wearied  attention  mitil  I  attain 
some  accurate  knowledge  of  chemistry,  which  is  of  no 
less  use  in  the  practice  of  the  arts  than  it  is  in  that  of 
medicine.''  He  adds,  that  he  continues  to  receive  the 
cordial  a])])r()val  of  the  Connnissioners  for  the  manner  in 
which  he  performs  his  duties,  and  says,  "I  fcike  care  to 
be  so  far  master  of  the  business  committed  to  me  as  that 
none  sliall  be  able  to  ech'pse  me  in  that  respect."  *     At 

•   Ia'Uvv  tn  Mr.   AikIivw    Little,   LaiiL^huliii,   datwl   Purtsmoutb  Duckyard, 
I'M..  I,  l7^«',. 
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the  same  time  he  states  he  is  taking  great  delight  in 
Freemasonry,  and  is  about  to  have  a  lodge-room  at 
the  George  Imi  fitted  up  after  his  plans  and  under 
his  direction.  Nor  does  he  forget  to  add  that  he  has 
his  hair  powdered  every  day,  and  puts  on  a  clean  shirt 
three  times  a  week.  The  Eskdale  mason  is  evidently 
getting  on,  as  he  deserves.  Yet  he  says  that  "  he 
would  rather  have  it  siiid  of  him  that  he  possessed  one 
grain  of  good  nature  or  good  sense  than  shine  the  finest 
puppet  in  Christendom."  "  Let  my  mother  know  that 
I  am  well,"  he  writes  to  Andrew  Little,  "and  that  I 
will  print  her  a  letter  soon."  *  For  it  was  a  practice  of 
this  good  son,  down  to  the  period  of  his  mother's 
death,  no  matter  how  much  burdened  he  was  with 
business,  to  set  apart  occasional  times  for  the  careful 
|H.Miin'ng  of  a  letter  in  printed  characters,  that  she  might 
1x5  the  more  easily  able  to  decipher  it  with  her  old  and 
dinmied  eyes  by  her  cottage  fireside  at  The  Crooks. 
As  a  man's  real  disposition  usually  displays  itself  most 
strikingly  in  small  matters — like  light,  which  gleams 
the  most  lirightly  when  seen  through  narrow  chinks — it 
will  probably  be  admitted  that  this  trait,  trifling  though 
it  may  ap[)ear,  was  truly  characteristic  of  the  simple  and 
artuctionate  nature  of  the  hero  of  our  story. 

The  buildings  at  Portsmouth  were  finished  by  the  end 
of  17SG,  when  Telford's  duties  at  that  place  being  at  an 
i'IhI,  and  having  no  engagement  beyond  the  termination 
of  the  contract,  he  prepared  to  leave,  and  began  to  look 
alnjut  him  for  other  employment. 

'  IjkiUr   U)   Mr.  Andrew  Little,  Louigholm,  (latctl   PortHmouth  Dockyard, 
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CHAPTER    IV. 

Becomes  Sitrveyou  for  the  County  of  Salop. 

Mr.  Pultexey,  member  for  Shrewsbury,  was  the  owner 
of  extensive  estates  in  that  neighbourhood  by  virtue 
of  his  marriage  witli  the  niece  of  the  last  Earl  of  Bath. 
Having  resolved  to  fit  up  the  Castle  there  as  a  residence, 
he  bctliought  him  of  the  yoimg  Eskdale  mason,  who  had, 
some  years  before,  advised  him  as  to  the  repairs  of  the 
Johnstone  mansion  at  Wester  Hall.  Telford  was  soon 
foimd,  and  engaged  to  go  down  to  Slirewsbury  to 
superintend  the  necessary  alterations.  Their  execution 
occupied  his  attention  for  some  time,  and  during  tlieir 
progress  he  was  so  fortmiate  as  to  obtain  the  appoint- 
ment of  Surveyor  of  Public  Works  for  the  county  of 
Saloj),  most  ])robably  through  the  influence  of  liis  patron. 
Indeed,  Telford  was  known  to  be  so  great  a  favourite 
with  Mr.  Pulteney  that  at  Shrewsbiu-y  he  usually  went 
by  ihc  name  of  "  Yomig  Pulteney." 

Mucli  of  his  attention  was  from  this  time  occupied 
witli  the  siu'veys  and  repairs  of  roads,  bridges,  and  gaols, 
and  the  supervision  of  all  public  buildings  under  the 
contr(jl  of  the  magistrates  of  the  coimty.  He  was  also 
liXMiuently  called  upon  by  the  corj^oration  of  the  borough 
to  furnish  plans  lor  the  improvement  of  the  streets  and 
l)uildings  of  that  fine  old  town ;  and  many  alterations 
were  carried  out  under  his  directions  during  the  period 
of  his  residence  there. 

Wliile  the  Castle  repairs  were  in  course  of  execution, 
he  was  called  ui)on  by  the  justices  to  superintend  the 
ci-cction  of  a  new  gaol,  the  i)lans  tor  which  had 
ah(?ady   be(»n    [)repared   and    settled.      The  benevolent 
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Howard,  who  devoted  himself  with  siich  zeal  to  gaol  im- 
provement, on  hearing  of  the  intentions  of  the  magis- 
trates, made  a  visit  to  Shrewsbury  for  the  purpose  of 
examining  tlie  plans ;  and  the  circumstance  is  thus  ad- 
verted to  by  Telford  in  one  of  his  letters  to  his  Eskdale 
corre8]X)ndent : — "  About  ten  days  ago  I  had  a  visit 
from  the  celebrated  John  Howard,  Esq.  I  say  /,  for  he 
was  on  his  tour  of  gaols  and  infirmaries ;  and  those  of 
Slirewsbury  being  both  mider  my  direction,  this  was,  of 
course,  the  cause  of  my  l)eing  thus  distinguished.  I 
accompanied  him  through  the  infirmary  and  the  gaol. 
1  showed  him  the  plans  of  the  proposed  new  buildings, 
and  had  much  conversation  with  him  on  both  subjects. 
In  consequence  of  his  suggestions  as  to  the  former,  I 
have  revised  and  amended  the  plans,  so  as  to  carry  out 
a  thorough  reformation ;  and  my  alterations  having  been 
approved  by  a  general  board,  they  have  been  referred 
to  a  committee  to  carry  out.  Mr.  Howard  also  took  ob- 
jection to  the  plan  of  the  proposed  gsiol,  and  requested 
me  to  inform  the  magistrates  that,  in  his  opinion,  the 
interior  c(^urts  were  too  small,  and  not  sufficiently  venti- 
late<l ;  and  the  magistrates,  having  approved  his  sugges- 
tions, ordered  the  plans  to  be  amended  accordingly.  You 
may  easily  conceive  how  I  enjoyed  tlie  conversation  of 
this  truly  good  man,  and  how  much  I  would  strive  to 
possrss  his  go(Ml  opinion.  I  regjird  him  as  the  guardian 
angfl  of  the  miserable.  He  travels  into  all  parts  of 
Kunux?  wMth  the  sole  object  of  doing  good,  merely  for 
its  own  sjike,  and  not  for  the  sake  of  men's  praise.  To 
give  an  instance  of  his  delicacy,  and  his  desire  to  avoid 
public  notice,  I  may  mention  that,  being  a  Presbyterian, 
he  attended  the  meeting-house  of  that  denomination  in 
Shrewsbury  on  Sunday  morning,  on  which  occasion  I 
acrompanied  liim ;  but  in  the  afternoon  he  expressed  a 
wish  to  attend  another  place  of  worsliip,  his  presence  in 
tiic  town  iiaving  excited  considerable  curiosity,  though 
his  wisji  was  to  avoid  public  recognition.     Nay,  more. 
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he  assures  me  that  he  hates  travelling,  and  was  bom  to 
be  a  domestic  man.  He  never  sees  his  country-house 
but  he  says  within  himself,  '  Oh !  might  I  but  rest  here, 
and  never  more  travel  three  miles  from  home;  then 
should  I  be  happy  indeed ! '  But  he  has  become  so 
committed,  and  so  pledged  liimself  to  his  own  conscience 
to  carry  out  his  great  work,  that  he  says  he  is  doubtftil 
whether  he  will  ever  be  able  to  attain  the  desire  of  liis 
heart — life  at  home.  He  never  dines  out,  and  scarcely 
takes  time  to  dine  at  all :  he  says  he  is  growing  old,  and 
has  no  time  to  lose.  His  manner  is  simplicity  iteelf. 
Indeed,  I  have  never  yet  met  so  noble  a  being.  He  is 
going  abroad  again  shortly  on  one  of  his  long  tours  of 
mercy."  ^  The  journey  to  which  Telford  here  refers  was 
Howard's  last.  In  the  following  year  he  left  England 
to  return  no  more ;  and  the  great  and  good  man  died 
at  Cherson,  on  the  shores  of  the  Black  Sea,  less  than 
two  years  after  his  interview  with  the  young  engineer 
at  Slu'ewsbury. 

Telford  writes  to  his  Langholm  friend  at  the  same  time, 
that  he  is  working  very  hard,  and  studying  to  improve 
himself  in  branches  of  knowledge  in  which  he  feels  him- 
self deficient.  He  is  practising  very  temperate  habits : 
for  half  a  year  past  he  has  taken  to  drinking  water  only, 
avoiding  all  sweets,  and  eating  no  "  nick-nacks."  He 
has  "  sowcns  and  milk  "  (oatmeal  flmnmery)  every  night 
for  his  supper.  His  fi'iend  having  asked  liis  opinion  of 
politics,  he  says  he  really  knows  nothing  about  them ; 
he  had  l)een  so  completely  engrossed  by  his  own  busi- 
ness that  he  has  not  had  time  to  read  even  a  newspaper. 
But,  though  an  ignoramus  in  politics,  he  has  been 
studying  Ihne^  which  is  more  to  his  purpose.  If  his 
friend  can  give  him  any  information  about  tliat,  he  will 
promise  to  read  a  newspaper  now  and  then  in  the  en- 
suijig  session  of  Parliament,  for  the  purpose  of  forming 

•  Ixjttor  to  Mr.  Aiidn'w  Little,  Ijangholm,  dat<xl  Shrewsbury  Castle,  2lRt 
Feb.,  1788. 
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some  opinion  of  politics :  he  adds,  however,  "  not  if  it 
interfere  with  my  business — mind  that !  "  His  friend 
had  told  him  that  he  proposed  translating  a  system  of 
chemistry.  "Now  you  know,"  said  he,  "that  I  am 
chemistry  mad ;  and  if  I  were  near  yon,  I  would  make 
you  promise  to  communicate  any  information  on  the 
subject  that  you  thought  would  be  of  service  to  your 
friend,  especially  about  calcareous  matters  and  the  mode 
of  forming  the  best  composition  for  building  with,  as 
well  al>ove  as  below  water.  But  not  to  be  confined  to 
that  alone,  for  you  must  know  I  have  a  book  for  the 
j)ocket,*  which  I  always  carry  with  me,  into  which  I 
have  extracted  the  essence  of  Fourcroy's  Lectures,  Black 
on  Quicklime,  Scheele's  Essays,  Watsons  Essays,  and 
various  |)oints  from  the  letters  of  my  respected  friend 
Dr.  Irving.*  So  much  for  chemistry.  But  I  have  also 
crammed  into  it  fact«  relating  to  mechanics,  hydrostatics, 
pneumatics,  and  all  manner  of  stuff,  to  which  I  keep 
rontinually  adding,  and  it  will  be  a  charity  to  me  if  you 
will  kindly  contribute  your  mite."^  He  says  it  has 
U^eii,  and  will  continue  to  be,  his  aim  to  endeavour  to 
unite  those  "  two  frequently  jarring  pursuits,  literature 
and  Inisinoss ;"  and  he  does  not  see  why  a  man  should 
Ik?  loss  eflicieiit  in  the  latter  capacity  because  he  has 
well  informed,  stored,  and  humanized  his  mind  by  the 
cnhivation  of  letters.  There  was  both  good  sense  and 
souiiil  practical  wisdom  in  this  view  of  Telford. 

While  the  gaol  wiis  in  course  of  erection,  after  the  im- 
proved plans  suggested  by  Howard,  a  variety  of  important 
matters  occupied  the  county  surveyor's  attention.  During 


'  Tliis  pniolict'  of  noting  down  in-    ,   being  printed  in  the  appendix  to  the 

iMniuitioii,  the  n-suit  of  R«<ling  and  4t<).  *  Life  of  Telford*  imblished  by  his 

..ItMTvatiMM,   wa«    o»ntinued   by   Mr.  executors  in  1838.     Pp.  <>^^90. 

'1  •llnni  until  the  cl^e  of  hi«  life  ;  his  '  A  medical  man,  a  native  of  Esk- 

Lwt  I**  kit  UH'monindum  book,  con-  <hile,  of  great  promise,  who  died  own- 

laiiiiii'^  11  lap^e  amount  of  valuable  juratively  young, 

iiifoniuition  on  mechanical  Hubjects —  •  Letter    to    Mr.  Andrew    Little, 

.1   Nirt   of  enjrim-i'r'H  vade   mecum —  Tiangholm. 
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the  RTimmer  of  1788  he  says  he  is  very  much  occupied, 
liaviup^  about  ten  diffcreut  jobs  on  hand  :  roads,  bridges, 
streets,  drainage-works,  gaol,  arid  infirmary.  Yet  he 
had  time  to  ^\Tite  verses,  copies  of  wliich  lie  forwarded 
to  his  Eskdale  correspondent,  inviting  his  criticism. 
Several  of  these  were  elegiac  lines,  somewhat  exag- 
gerated in  their  praise  of  the  decejised,  though  doubt- 
less sincere.  One  poem  was  in  memory  of  George 
Johnstone,  Esq.,  a  meml)er  of  the  Wester  Hall  family, 
and  another  on  the  death  of  William  Telford,  an  Rsk- 
dale  farmer's  son,  an  intimate  fi'iend  and  schoolfellow  of 
our  engineer.^  These,  however,  were  but  the  votive 
ofterings  of  private  ftiendship,  j^ersons  more  inmiediately 
about  him  knowing  nothing  of  his  stolen  pleasures  in 
vcrsemaking.  He  continued  to  be  shy  of  strangers,  and 
w\'is  very  "  nice,"  as  he  calls  it,  as  to  those  whom  he 
admitted  to  his  bosom. 

Two  circumstances  of  considerable  interest  occurred 
in  the  course  of  tlie  same  year  (1788),  which  are  wortliy 
of  ])assing  notice.  Tlie  one  was  the  fall  of  the  clmrch 
of  ^^t.  Cliad's,  at  Shrewsbury ;  the  other  was  the  dis- 
covery of  tlie  ruins  of  the  Roman  city  of  Uriconiimi, 
in  tlie  immediate  neighbourhood.  The  church  of  St. 
Chad's  was  about  four  centuries  old,  and  s1x)od  greatly 


•  It  would  <K.TU[ty  iinneooss:iry 
spncc  to  cite  tlicsf  jxK'ms.  The  lol- 
lowinjr^  from  tlu*  vcrsc-s  in  iiu'iuory  of 
William  'rclfonl,  relates  to  .s<!lK)oil)oy 


A  Rimple  frolir,  but  now  dear  to  me, 
BetnuH!,  my  Telford,  'twas   {ivrformt^l 

witli  thot*. 
Ihere,  in  the  centre,  ancretl  to  hu*  name. 


lavs.       After   alliidiri-    to    the    loftV  I'H  pl-'^t-'  an  altar,  where  the  laniU-ut 

Fell   Hills,  which  foniied  i)art  of  the  I        ci   n         i               a                 .u    i.  « 

1           1-            i>   1  •       1             II*'      i<  iSluill  yearly  riKe,  and  eveiy  youth  ahnll 

sliciMi    t:irni    of     Ills    il«»ri'nm»<l     tnimflH  ..•'■''                   '   /v«w.  bimhi 


jom 


sheep    farm   of  his   deceasi'tl    friends 

father,  the  i-oet  <^<.>es  on  to  sjiy  :—  |        jhe  willing  voice,and  nog  tlie enrapturoil 

line. 

♦*'i'hri«',  'nionirst  thusc  nnks  Til  form  a  |        But   we,    my   fiiend,    will  often    steal 

junil.M'at,  I             away 

An«i  i.l.int  M.mc  iw  with  iU  iiursi  n.m-  I         To  this  lone  fe.it,  and  quiet  ]ni«  tlieday; 

I'l«'>t ;  I        Ileie  oil  \vxt\l\  the  pleaNiig  tvencj  we 

I'll  lH'n«li«v  form  of  fi-njjments  from  tht»  knew 

•'^tone,  III  wirly  youth,  when  every  necne  ww  new, 

Whu  h,  ni»t. ly  iM)i.sM,  wjus  ].y  our  hands  Wht^i  rur.il  luippine*  our  moments  bbsrt, 

« »'«'rt hn >\v n, —  \ ml  j^y^  unt^iinted  rase  in  evei y  bmiKL*' 
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in  need  of  repairs.  The  roof  let  in  the  rain  upon 
the  conf^regation,  and  the  parish  vestry  met  to  settle 
the  plans  for  mending  it;  but  they  could  not  agree 
about  the  mode  of  procedure.  In  this  emergency  Tel- 
ford was  sent  for  by  the  churchwardens,  and  requested 
to  todvise  them  what  was  best  to  be  done.  He  accord- 
ingly examined  the  building,  and  found  that  not  only  the 
roof  but  the  walls  of  the  church  were  in  a  most  decayed 
state.  It  appeared  that,  in  consequence  of  graves  having 
l)een  dug  in  the  loose  soil  close  to  the  shallow  foundar 
tion  r)f  the  north-west  pillar  of  the  tower,  it  had  sunk  so 
;is  to  endanger  the  whole  structure.  "I  discovered," 
says  he,  "  that  tliere  were  large  fractures  in  the  walls, 
on  tracing  which  I  found  that  the  old  building  was  in  a 
most  shattered  and  decrepit  condition,  though  until  then 
it  ha<l  been  scarcely  noticed.  Upon  this  I  declined 
giving  any  recommendation  as  to  the  repairs  of  the  roof 
unless  they  would  come  to  the  resolution  to  secure  the 
more  essential  parts,  as  the  fabric  appeared  to  me  to  be 
in  a  very  alarming  condition.  I  sent  in  a  ^^Tritten  report 
to  the  sjuue  effect."  *  The  parish  vestry  agiiin  met,  and 
the  rcjMjrt  was  read ;  but  the  meeting  exclaimed  against 
Si)  extensive  a  proiK)sal,  imjniting  mere  motives  of  self- 
interest  to  the  surveyor.  "  Popular  clamour,'*  says 
TcHord,  '* overcame  my  rejx^rt.  'These  fractures,'  ex- 
claimed the  vestrymen, '  have  been  there  from  time  imme- 
morial ;'  and  there  were  some  otherwise  sensible  persons, 
who  remarked  that  ])rofessional  men  always  wanted  to 
carve  out  employment  for  themselves,  and  that  the  whole 
of  the  necessary  repairs  amid  be  done  at  a  comparatively 
small  (»x])ensi\" '  Telford  at  length  left  the  meeting, 
advising  that,  if  they  wished  to  discuss  anything  besides 
the  alarming  state  of  the  church,  they  had  better  adjourn 
in  sr»me  other  place,  where  there  was  no  danger  of  its 
falling  on   their  heads.     The  suggestion   was  received 

'   I4  tt»T  to  Mr.  Aiiilrrw  Little,  Unpholin,  «Ut«l  Ifith  July,  17S8.        «  Ibid. 
VOL.   II.  Y 
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with  ridicule,  and  the  vestry  called  in  another  person,  a 
mason  of  tlie  town,  directing  him  to  cut  away  the  injured 
part  of  the  pillar,  in  order  to  underbuild  it.  On  the 
second  evening  after  tlie  commencement  of  these  opera- 
tions, the  sexton  wasalanned  at  the  fall  of  lime-diist  and 
morhir  when  he  attempted  to  toll  the  great  hell,  on  which 
he  immediately  desisted  and  left  the  church.  Early 
next  morning  (on  the  9th  of  July),  while  the  workmen 
were  waiting  at  the  church  door  for  the  key,  the  bell 
struck  four,  and  the  vibration  at  once  brought  down 
tlio  tower,  which  overwhelmed  the  nave,  demolishing 
all  the  pilhirs  along  the  north  side,  and  shattering  tlie 
rest.  "  The  very  parts  I  had  pointed  out,"  says  Telford, 
"  were  those  which  gave  way,  and  down  tumbled  the 
tower,  forming  a  very  remarkable  ruin,  which  astonished 
and  sur[)rise(l  the  vestry,  and  roused  them  fi'om  their 
infatuation,  though  they  have  not  yet  recovered  from 
the  shock."  ' 

The  other  circumstance  to  which  we  have  above  re- 
ferred was  the  disc(:>very  of  the  Roman  city  of  Uriconium, 
near  Wroxeter,  about  five  miles  from  Shrewsbiury,  in  the 
year  1 788.  The  situation  of  the  place  is  extremely  beau- 
tiful, the  river  Severn  flowing  along  its  western  margin, 
and  forming  a  barrier  against  what  were  once  the  hostile 
districts  of  West  Britain.  For  many  centuries  the  dead 
city  had  sle])t  under  the  irregular  moimds  of  earth  which 
covered  it,  like  those  of  Mossul  and  Nineveh.  Fannei's 
raised  heavy  (frops  of  turnips  and  grain  from  the  surface ; 
and  they  scarcely  ever  ploughed  or  harrowed  the  ground 
with(jut  turning  up  Koman  coins  or  pieces  of  pottery. 
They  also  observed  that  in  certain  places  the  com  was 
more  ai)t  to  be  scorched  in  dry  weather  than  in  others — 
a  su](i  sign  to  them  that  there  were  ruins  underneath ; 
and  their  practice,  when  they  wished  to  find  stones  for 
building,  was  to  set  a  mark   upon  the  scorched  places 

»  Lett.M-  to  Mr.  Ainln^w  Little,  Langholm,  (luted  10th  July,  1788. 
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when  the  corn  was  on  the  ground,  and  after  harvest  to 
dig  down,  siu-e  of  finding  the  store  of  stones  which  they 
wanted  for  walls,  cottages,  or  farm-honses.  In  fact,  the 
place  came  to  be  regarded  in  the  light  of  a  quarry,  rich 
in  ready-worked  materials  for  building  purposes.  About 
this  time  a  quantity  of  stone  was  wanted  for  the  purpose 
of  erecting  a  blacksmith's  shop,  and  on  digging  down 
upon  one  of  the  marked  places,  the  laboiu-ers  came 
upon  some  ancient  works  of  a  more  perfect  appearance 
than  usual.  Curiosity  was  excited — antiquarians  made 
their  way  to  the  spot — and  lo  !  they  pronounced  the  ruins 
to  l>e  neither  more  nor  less  than  a  Roman  bath,  in  a 
remarkably  perfect  state  of  preservation.  Mr.  Telford 
was  requested  to  apply  to  Mr.  Pulteney,  the  lord  of  the 
manor,  to  prevent  the  destruction  of  these  interesting 
remains,  and  also  to  permit  the  excavations  to  proceed, 
with  a  view  to  the  buildings  being  completely  explored. 
This  was  readily  granted,  and  Mr.  Pulteney  authorised 
Telford  himself  to  conduct  the  necessary  excavations 
at  his  exjxinse.  This  he  promptly  proceeded  to  do, 
and  the  result  was,  that  an  extensive  hypocaust  apart- 
ment was  brought  to  light,  with  baths,  sudatorimn, 
dressing-room,  and  a  number  of  tile  pillars — all  forming 
l»arts  of  a  Roman  floor — sufficiently  perfect  to  show 
the   manner  in  which   they  had  been  constructed  and 

U.^mI.* 

Among  Telford's  less  agreeable  duties  about  the  same 
time  was  that  of  keeping  the  felons  at  work.  He  had 
tii  devise  the  ways  and  means  of  employing  them  without 
risk  of  their  escaping,  which  gave  him  much  trouble 
and  anxiety.  "  Really,"  he  says,  "  my  felons  are  a  very 
troublesome  family.  I  have  had  a  great  deal  of  plague 
from  them,  and  I  have  not  yet  got  things  quite  in  the 
train  that  I  could  wash.     1  have  had  a  dress  made  for 


'  Th<-  ilihTovrn*  fonncil  the  subject 
«'f  a  |rtjKT  n-jul  U^f(»re  the  Society  of 
Aiitiiiuarics  in  Ixixlon  ou  the  7th  of 


May,  1789,  published  in  the  *  Arcli«s 
olo^a/  together  with  a  drawing  of  the 
remains  supplied  by  Mr.  Telford. 
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them  of  white  and  brown  cloth,  in  such  a  way  that  they 
are  pyebald.  They  have  each  a  h'ght  chain  about  one 
leg.  Their  allowance  in  food  is  a  penny  loaf  and  a  half- 
penny worth  of  cheese  for  breakfast;  a  penny  loaf,  a 
quart  of  soup,  and  half  a  poimd  of  meat  for  dinner ;  and 
a  penny  loaf  and  a  halfpenny  worth  of  cheese  for  supper ; 
so  that  they  have  meat  and  clothes  at  all  events.  I 
employ  them  in  removing  earth,  serving  masons  or  brick- 
layers, or  in  any  common  labouring  work  on  which  they 
can  be  employed ;  during  which  time,  of  course,  I  have 
them  strictly  watched." 

Much  more  pleasant  was  his  first  sight  of  Mrs.  Jordan 
at  the  Shrewsbury  theatre,  where  he   seems  to  have 
been  worked  up  to  a  pitch  of  rapturous  enjojTnent.     She 
played  for  six  nights  there  at  the  race  time,  during  which 
there  were  various  other  entertainments.    On  the  second 
day  there  was  what  was  called  an  Infirmary  Meetuig, 
or  an  assemblage  of  the  principal  comity  gentlemen  in 
the   infirmary,  at  which,  as  county  surveyor,   Telford 
was  present.    They  proceeded  thence  to  church  to  hear  a 
sermon  preached  for  the  occasion ;  after  which  there  was 
a  dinner,  followed  by  a  concert.     He  attended  all.     The 
sermon  was  preached  in  the  new  pulpit,  which  had  just 
been  finished  after  his  designs,  in  the  Gothic  style ;  and 
he  confidentially  informed  his  Langholm  correspondent 
that  he  believed  the  pulpit  secured  greater  admiration 
than  the  sermon.     With  the  concert  he  was  completely 
disiippobited,  and  he  then  became  convinced  that  he  could 
have  no  ear  for  music.     Other  people  seemed  very  much 
pleased ;  but  for  the  life  of  him  he  could  make  nothing 
of  it.     The  only  difference  tliat  he  recognised  between 
one  time  and  another  was  that  there  was  a  difference  of 
noise.      "  It  was  all  very  fine,"  he  says,  "  I  have  no 
doubt ;  but  I  would  not  give  a  song  of  Jock  Stewart  ^  for 

'    An   Eskilalc  cmiiy.      His  son,    '  servict*,  having  been  for  many  yean* 
Colnnt'l  Jonas  Stewart,  rose  to  enii-    I   Ue«i(lont  at  Gwalior  and  Indon». 
uvuvv  in   Ww   Kast   hulia  CV»ni|«ny'8    I 
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the  whole  of  them.  The  melody  of  somid  is  thrown  away 
u]x>n  me.  One  look,  one  word  of  Mrs.  Jordan,  has  more 
effect  upon  me  than  all  the  fiddlers  in  England.  Yet  I 
sat  down  and  tried  to  be  as  attentive  as  any  mortal  could 
be.  I  endeavoured,  if  possible,  to  get  up  an  interest  in 
what  was  going  on ;  but  it  was  all  of  no  use.  I  felt  no 
emotion  whatever,  excepting  only  a  strong  inclination 
to  go  to  sleep.  It  must  be  a  defect ;  but  it  is  a  fact,  and 
I  cannot  help  it.  I  suppose  my  ignorance  of  the  subject, 
and  tlie  want  of  musical  experience  in  my  youth,  may 
l)e  the  cause  of  it."  * 

Telford's  mother  was  still  living  in  her  old  cottage  at 
The  Crooks.  Since  he  had  parted  from  her  he  had  written 
many  printed  letters  to  keep  her  informed  of  his  pro- 
gress ;  and  he  never  wrote  to  any  of  his  friends  in 
the  dale  without  including  some  message  or  other  to  his 
mother.  Like  a  good  and  dutiful  son,  he  had  taken  care 
out  of  his  means  to  provide  for  her  comfort  in  her  de- 
clining years.  "  She  has  been  a  good  mother  to  me,"  he 
said,  *'  and  I  wnll  try  and  be  a  good  son  to  her."  In  a 
letter  written  from  Shrewsbury  about  this  time,  enclosing 
a  ten  jMjund  note,  seven  jxjunds  of  which  was  to  be  given 
to  his  mother,  he  sjiid,  "I  have  from  time  to  time  written 
William  Jackscm  [his  cousin]  and  told  him  to  furnish 
hvv  with  whatever  she  wants  to  make  her  comfortable ; 
but  there  may  be  many  little  things  she  may  wish  to 
have,  an<l  yet  not  like  to  ask  him  for.  You  will  there- 
fore jigree  with  me  that  it  is  right  she  should  have  a 
little  cash  to  (lis|)ose  of  hi  her  own  way.  .  .  I  am  not 
rich  yet ;  but  it  will  ease  my  mind  to  set  my  mother  above 
the  fear  of  want.  That  has  always  been  my  first  object; 
and  next  to  that,  to  be  the  somebody  which  you  have  always 
encouraged  me  to  believe  I  might  aspire  to  become. 
IVrhajw  after  all  there  may  be  something  in  it!"* 


'    \a'\U'x    to   Mr.   Amlrtw    Littk-,   |    l-duij^hulni,    dated    Hhrewj»lmry,   8th 
Lin-h4.ini,  .hiUil  .Jrd  St-pt.,  178H.  ■    OctobtT,  1789. 

'    {aXWx    to   Mr.    Aii.li\w    Littli-,    ' 
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He  now  seems  to  have  occupied  much  of  his  leisure 
liours  in  miscellaneous  reading.  Amongst  the  numerous 
l)ooks  which  he  read,  he  expressed  the  highest  admi- 
ration for  Sheridan's  *  Life  of  Swift.'  But  his  Lang- 
holm friend,  who  was  a  great  politician,  having  invited 
his  attention  to  politics,  Telford's  reading  gradually 
extended  in  that  direction.  Indeed  the  exciting  events 
of  the  French  devolution  then  tended  to  make  all 
men  more  or  less  politicians.  The  capture  of  the 
Bastille  hy  the  people  of  Paris  in  1789  passed  like 
an  electric  thrill  through  Europe.  Then  followed  the 
Declaration  of  IJight*;;  after  which,  in  the  course  of  six 
months,  all  the  institutions  which  had  hefore  existed  in 
France  were  swept  away,  and  the  reign  of  justice  w'as 
fairly  inaugurated  upon  earth!  In  the  spring  of  1701 
the  first  ])art  of  Painc's  'Rights  of  Man'  apj^eared,  and 
Telford,  like  many  others,  read  it,  and  was  at  once  carried 
away  by  it.  Only  a  shcjrt  time  before,  he  had  admitted 
with  truth  that  he  knew  nothing  of  politics;  but  no 
sooner  had  he  read  Paine  than  he  felt  completely  en- 
lightened, lie  now  suddenly  discovered  how  much 
reason  he  and  everybody  else  in  England  had  for  being 
miserable.  Whilst  residing  at  Port*«mouth  he  had  quoted 
to  his  Langholm  friend  the  lines  from  Cowper's  *  Task/ 
then  just  published,  beginning  "  Slaves  cannot  breathe 
in  England;"  butlo!  Mr.  Paine  had  filled  his  imagination 
wath  the  idea  that  England  was  nothing  but  a  nation  of 
bondmen  and  aristocrats.  To  his  natural  mind  the 
kingdom  had  ap})eared  to  be  one  in  which  a  man  bad 
pretty  fair  play,  could  tliink  and  speak,  and  do  the 
thing  he  would, — tolerably  happy,  tolerably  prosperous, 
and  enjoying  many  blessings.  He  himself  had  felt  fi^e 
to  labour,  to  prosper,  and  to  rise  from  manual  to  head 
work.  Xo  one  had  hindered  hun ;  his  personal  liberty 
had  never  been  interfered  with ;  and  he  had  freely  em- 
])l()yed  his  earnings  as  he  thought  proper.  But  now  the 
whole  thing  appeared  a  delusion.     Those  rosy-cheeked 
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old  comitry  gentlemen  who  caiue  riding  in  to  Shrews- 
bury to  quarter  sessions,  and  were  so  fond  of  their  young 
Scotch  surveyor  —  occupyipg  themselves  in  building 
bridges,  maintaining  infirmaries,  making  roads,  and  regu- 
lating gaols — those  county  magistrates  and  members  of 
j)arliament,  aristocrats  all,  were  the  very  men  who, 
according  to  Paine,  were  carrying  the  comitry  headlong 
to  ruin. 

If  Telford  could  not  ofibr  an  opinion  on  politics  before, 
l^eciuise  he  "  knew  nothing  about  them,"  he  had  now  no 
such  difliculty.  Had  his  advice  been  asked  about  the 
foundations  of  a  bridge,  or  the  security  of  an  arch,  he 
would  have  read  and  studied  much  before  giving  it ;  he 
would  have  carefully  inquired  into  the  chemical  quiUities 
of  different  kinds  of  lime — into  the  mechanical  prin- 
ciples of  weight  and  resistance,  and  such  hke ;  but  he  had 
no  such  hesitation  in  giving  an  opinion  about  the  foun- 
dations of  a  constitution  of  more  than  a  thousand  years' 
growth.  Here,  like  other  young  jx)liticians,  with  Paine's 
lM)ok  before  him,  he  felt  competent  to  pronounce  a 
di^cisive  judgment  at  once.  "I  am  convinced,"  said  he, 
writing  to  his  Langholm  friend,  "that  the  situation  of 
(Ireat  Britain  is  such,  that  nothing  short  of  some  signal 
n^volution  can  prevent  her  from  sinking  into  bankruptcy, 
slavery,  and  insignificancy."  He  held  that  the  national 
ex|)i»iiditure  was  so  enormous,^  arising  from  the  corrupt 
administration  of  the  country,  that  it  was  impossible  the 
"  l>loatcd  mass"  could  hold  together  any  longer;  and  as 
h(*  could  not  expect  that  "a  hundred  Pulteneys,"  such  as 
his  I'luployur,  could  be  found  to  restore  it  to  health,  the 
conclusion  he  arrived  at  was  that  ruin  was  "inevitable."* 


*  It  w:w  then  iiiuler  soventwn  mil- 
liniis  st«*^lin^^  or  alxmt  a  fourth  of 
what  it  is  now. 

*  L«'tt*r  to  Mr.  Andrew  Little, 
I-in-l»olni,  aat«l  'JSth  July,  1791. 
Notwitl.«tan«Uri^  the  theoretical  ruin 
«»t'  Kni^Iaml  wiiich  preiwe«l  ao  ht«vy 
on    hitf   niinil  at   ttuH  time,  we  find 


Telford  8troti$;ly  reoommending  bis 
oorresponilent  to  send  any  good  wrigbts 
he  can  find  in  his  nci^bourbood  to 
Bath,  where  they  would  be  enabled 
to  earn  twenty  iihillings  or  a  guinea 
a  week  at  nieoe-work — the  wages  fiaid 
at  Langholm  for  similar  work  being 
only  about  half  tliose  amoimts. 
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Fortiii lately  for  Telford,  his  intercourse  witli  the  towiis*- 
people  of  Shrewsbury  was  so  small  that  liis  views  on 
these  subjects  were  never  kjiown ;  and  w^e  very  shortly 
find  him  employed  by  the  clergy  themselves  in  building 
a  new  church  in  the  town  of  Bridgenorth.  His  patron 
and  employer,  Mr.  Pulteney,  however,  knew  of  his 
extreme  views,  and  the  knowledge  came  to  him  quite 
accidentally.  He  found  that  Telford  had  made  use  of 
his  frank  to  send  through  the  post  a  copy  of  Paine's 
'Kights  of  Man'  to  his  Langholm  correspondent,'  where 
the  pam])hlet  excited  as  nmch  fury  in  the  minds  of 
some  of  the  ])eo})le  of  that  town  as  it  had  done  in  that 
of  Telford  himself.  The  "Langholm  patriots"  broke 
out  into  drinking  revolutionary  toasts  at  the  Cross,  and 
so  distur1)ed  the  peace  of  the  little  town  that  some  of 
them  were  confined  for  six  weeks  in  the  county  gaol. 
Mr.  Pulteney  was  very  indignant  at  the  liberty  Telford 
had  taken  with  his  frank,  and  a  rupture  between  them 
seemed  likely  to  ensue ;  but  the  former  was  forgiving,  and 
the  matter  went  no  further.  It  is  only  right  to  add,  that 
as  Telford  grew  older  and  wiser,  he  became  more  careful 
in  jumping  at  conclusions  on  political  topics.  The  events 
which  shortly  occurred  in  France  tended  in  a  gi-eat 
measure  to  heal  his  mental  distresses  as  to  the  futm^e  of 
England.  When  the  "liberty"  won  by  the  Parisians 
ran  into  riot,  and  the  "Friends  of  Man"  occupied 
themselves  in  taking  oft*  the  heads  of  those  who  differeil 
iVom  them,   he  became  wonderfully  reconciled  to   the 

*  The  writer  (•!'  a  mciiioir  ol'  Tel-  (Ja'ck,  witli  much  higher  reputation 
lord,  ill  tlic  *  iMicyclojiiilia  Britannica,*  '  than  any  other  schoolmaster  within 
says  :— **  Aiuhcw  Little  kept  a  pri-  |  a  pretty  extensive  circuit.  Two  of  his 
val(!  and  very  small  scIkk)!  at  Lang-  jmpils  read  all  the  Iliad,  and  all  or 
liolin.  'JVllord  did  nut  neglect  to  '  the  greater  ^lart  of  Sophocles.  Aft<;r 
send  him  a  copy  ui"  Taine  s  *  Hights  of  '  hearing  a  long  sentence  of  Uret^k  or 
Man  ;'  and,  as  he  was  totally  hlind,  i  I^tin  distinctly  recited,  he  oouUl  gene- 
lie  empl<»ye«l  one  of  his  scholars  to  rally  construe  and  translate  it  with 
rejid  it  in  the  evenin;:s.  Mr.  Little  |  little  or  no  hesitation.  He  was  always 
liad  received  an  academical  inliication  i  nmch  gratified  by  Telford's  visits, 
Iw'tore  he  lost  his  sight;  and,  aidtnl  which  were  not  infrequent,  to  his 
hy  a  memory  ol"  uncummon  iHJwers,  )  native  district." 
he  tau.i;lil  the  classics,  and  particularly 
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enjoyment  of  the  substantial  freedom  which,  after  all, 
was  secured  to  him  by  the  English  Constitution.  At 
the  same  time  he  was  so  much  occupied  in  carrying  out 
his  important  works,  that  he  foimd  but  little  time  to 
devote  eitlier  to  political  speculation  or  to  verse-making. 
Whilst  living  at  Shrewsbury,  he  had  his  poem  of 
*EskdaIe'  reprinted  for  private  circulation.  We  have 
also  seen  several  MS.  verses  by  liim,  written  about  the 
same  |)eriod,  wliich  do  not  appear  ever  to  have  been 
printed.  One  of  these — the  best — is  entitled  *  Verses 
to  tlie  Memory  of  James  Thomson,  author  of  "  Liberty, 
a  j)oem ;"  '  another  is  a  translation  from  Buchanan, 
*0n  the  Spheres;'  and  a  third,  written  in  April,  1792, 
is  entitled  'To  Robin  Bums,  being  a  postscript  to 
some  verses  addressed  to  him  on  the  establishment  of 
an  Agricultural  Chair  in  Edinburgh.'  It  woidd  unne- 
cessiirily  occupy  our  space  to  print  these  effusions ;  and, 
to  tell  the  truth,  they  exhibit  few  if  any  indications  of 
l>oetic  power.  No  amount  of  perseverance  will  make 
a  poet  of  a  man  in  whom  the  divine  gift  is  not  bom. 
The  true  line  of  Telford's  genius  lay  in  building  and 
engineering,  in  which  direction  we  now  propose  to 
follow  him. 


oHKcWbUOBT  CABTLb.     [by  I^ctuval  t)k«lt4Mi  ] 
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CHAPTEU    V. 
Telford's  First  Employment  as  an  Engineer. 

As  surveyor  for  the  county,  Telford  was  frequently 
called  upon  by  the  magistrates  to  advise  them  as  to  the 
improvement  of  roads  and  the  building  or  repairs  of 
bridges.  His  early  experience  of  bridge-building  in  his 
native  district  now  proved  of  much  service  to  him,  and 
he  used  often  to  congratulate  himself,  even  when  he  liad 
readied  the  highest  rank  in  his  profession,  upon  the  cir- 
cumstances which  had  compelled  him  to  begin  his  career 
by  working  with  his  own  hands.  To  be  a  thorough 
judge  of  work,  he  held  that  a  man  must  himself  have 
been  practically  engaged  in  it.  "Not  only,"  he  said, 
"are  tlie  natural  senses  of  seeing  and  feeling  requisite  in 
the  examination  of  materials,  but  also  the  practised  eye, 
and  the  hand  which  ha«  had  experience  of  the  kind  and 
qualities  of  stone,  of  lime,  of  iron,  of  timber,  and  even 
of  earth,  and  of  the  effects  of  Inunan  ingenuity  in  applying 
and  combining  all  these  substances,  are  necessary  for 
arriving  at  mastery  in  the  profession ;  for,  how  can  a 
man  give  judicious  directions  unless  hej^ossesses  personal 
knowledge  of  the  details  requisite  to  effect  his  ultimate 
]>ui  pose  in  the  best  and  cheapest  manner  ?  It  has  haj)- 
pened  to  me  more  than  once,  when  taking  opportunities 
of  being  useful  to  a  young  man  of  merit,  that  I  have 
experienced  oi)i:)osition  in  taking  him  from  his  books  and 
drawings,  and  placing  a  mallet,  chisel,  or  trowel  in  his 
hand,  till,  rendered  confident  by  the  solid  knowledge 
which  experience  oidy  can  bestow,  he  was  qualified  to 
insist  on  the  due  2)erformance  of  workmanship,  and  to 
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judge  of  merit  in  the  lower  as  well  as  the  higher  depart- 
ments of  a  profession  in  which  no  kind  or  degree  of 
practical  knowledge  is  superfluous."  ^ 

The  first  bridge  designed  and  built  imder  Telford's 
suj^rintendence  was  one  of  no  great  magnitude,  across  the 
river  Severn  at  Montford,  about  four  miles  west  of  Shrews- 
bury. It  was  a  stone  bridge  of  three  elliptical  arches,  one 
of  58  feet  and  two  of  55  feet  span  each.  The  Severn  at 
that  ix)int  is  deep  and  narrow,  and  its  bed  and  banks  are 
of  alluvial  earth.  It  was  necessary  to  make  the  foimda- 
tions  very  secure,  as  the  river  is  subject  to  high  floods; 
but  this  was  eflectually  accomplished  by  means  of  coffer- 
dams. The  building  was  substantially  executed  in  red 
ssmdstone,  and  proved  a  very  serviceable  bridge,  forming 
part  of  the  great  high  road  from  Shrewsbury  into  Wales. 
It  was  finished  in  the  year  1792. 

In  the  siune  year  we  find  Telford  engaged  as  an  archi- 
tect in  preparing  the  designs  and  superintending  the 
construction  of  the  new  parish  church  of  St.  Mary  Mag- 
dalen at  Bridgenorth.  It  stands  at  the  end  of  Castle 
Street,  near  to  the  old  ruined  fortress  perched  upon  the 
bold  red  Siind«tone  blufi"  on  which  the  upper  part  of  the 
town  is  built.  The  situation  of  the  church  is  very  fine, 
and  an  extensive  view  of  the  beautiful  vale  of  the  Severn 
is  obtained  from  it.  Telford's  design  is  by  no  means 
striking;  "l)eing/'  as  he  said,  "a  regular  Tuscan  eleva- 
tion ;  the  inside  is  as  regularly  Ionic:  its  only  merit  is 
simpHcity  and  uniformity;  it  is  surmoimted  by  a  Doric 
tower,  which  contains  the  l)ells  and  a  clock."  A  graceful 
(lothic  church  would  have  been  more  appropriate  to  the 
situation,  and  a  much  finer  object  in  the  landscape ;  but 
(rothic  was  not  then  in  fivshion — only  a  mongrel  mixture 
of  many  styles,  without  regard  to  either  purity  or  grace- 
fulncKs.     The  church,  however,  proved  comfortable  and 


»  Telford'8  *  Autubiugruphy/  p.  3. 
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commodious,  and  these  were  doubtless  the  points  to  which 
the  architect  paid  most  attention. 

His   completion   of  the    church   at   Bridgenorth   to 
the   satisfaction   of  the   inhabitants  brought  Telford  a 
commission,  in  the  following  year,  to  erect  a  similar 
edifice  at  Coalbrookdale.     But  in  the  mean  time,  to  en- 
large liis  knowledge  and  increase  his  acquaintance  with 
the  best  forms  of  architecture,  he  determined  to  make  a 
journey  to  London  and  through  some  of  the  principal 
towTis  of  the  south  of  England.     He  accordingly  visited 
Gloucester,    Worcester,    and   Bath,   remaining    several 
days  in  tlie  last-mentioned  city.     He  was  charmed  be- 
yond expression  by  liis  journey  through  the  manufac- 
turing districts  of  Gloucestershire.     The  whole  seemed 
to  him  a  smiling  scene  of  j>r()sperous  industry  and  middle 
class  comfort.     But  passing  out  of  tliis  "  Paradise,"  as 
he  styles  it,  another  stage    brought  him  into  a  region 
the  very  opj)osite.     "  We  stopped,"  says  he,  "  at  a  little 
alehouse  on  the  side  of  a  i^ougli  hill  to  water  the  horses, 
and  lo !  the  I3lace  was  full  of  drunken  blackguards,  bel- 
lowing out '  Churcli  and  King ! '   A  poor  ragged  German 
Jew  hap2>cned  to  come  up,  whom  those  fiirious  loyalists 
liad  set  upon  and  accused  of  being  a  Frenclunan  in  dis- 
guise.    He  protested  that  he  was  only  a  poor  German 
who  '  cut  de  corns,'  and  that  all  he  wanted  was  to  buy  a 
little  bread  and  cheese.     Nothing  would  serve  them  but 
that  he  must  be  carried  before  the  Justice.     The  great 
brawTiy  fellow  of  a   landlord   swore   he   should  liave 
nothing  in  his  house,  and,  being  a  constable,  told  him 
that  he  would  carry  him  to   gaol.     I  interfered,  and 
endeavoured  to  pacify  the  assailants  of  the  poor  man ; 
when  suddenly  the  landlord,  snatcliing  up  a  long  knife, 
sliced  oft'  about  a  jDomid  of  raw  bacon  from  a  ham  which 
lumg  overhead,  and,  j^resenting  it  to  the  Jew,  swore 
that  if  he  did  not  swallow  it  down  at  once  he  should  not 
be  idlowed  to  go.     The  man  was  in  a  worse  plight  tlian 
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ever.  He  said  he  was  a  *poor  Shoe/  and  durst  not 
eat  that.  In  the  midst  of  the  uproar  Church  and  King 
were  forgotten,  and  eventually  I  prevailed  upon  the 
landlord  to  accept  from  me  as  much  as  enabled  poor 
little  Moses  to  get  his  meal  of  bread  and  cheese;  and 
by  the  time  the  coach  started  they  seemed  all  perfectly 
reconciled."  * 

Telford  was  much  gratified  by  his  visit  to  Bath,  and 
inspected  its  fine  buildings  with  admiration.  But  he 
thought  that  Mr.  Wood,  who,  he  says,  "  created  modem 
Bath,"  had  left  no  worthy  successor.  In  the  buildings 
then  in  progress  he  saw  clumsy  designers  at  work,  "  blun- 
dering round  about  a  meaning  " — if  there  was  meaning 
at  all  in  their  designs,  which,  indeed,  he  failed  to  see. 
From  Bath  he  went  to  London  by  coach,  making  the 
joiuiiey  m  safety,  "  although,"  he  says,  "  the  collectors 
had  been  doing  duty  on  Hounslow  Heath."  During 
his  stay  in  London  he  carefully  examined  the  prin- 
cipal ])ublic  buildings  by  the  light  of  the  experience 
wliich  he  had  gained  since  he  last  saw  them.  He  also 
s|X3nt  a  good  deal  of  his  time  in  studying  rare  and 
ox|)ensive  works  on  architecture — ^the  use  of  which  he 
could  not  elsewhere  procure — at  the  libraries  of  the 
Antiquarian  Society  and  the  British  Museum.  There 
lie  i)erused  tlie  various  editions  of  Vitruvius  and  Pal- 
ladio,  as  well  as  Inigo  Jones's  *  Parentalia.'  He 
found  a  rich  store  of  ancient  arcliitectural  remains  in 
the  British  Museum,  which  he  studied  with  great  care : 
anti(|uities  from  Athens,  Baalbec,  Palmyra,  and  Her- 
culaneuni ;  "  so  that,"  he  says,  "  what  with  the  informa- 
tion I  was  l)efore  possessed  of,  and  that  which  I  have 
now  accunudated,  I  think  I  have  obtained  a  tolerably 
*^oo4l  general  notion  of  architecture." 

Vunn    London   he   proceeded   to   Oxford,  where  he 

'    letter  to  Mr.  Aiulrew  Little,  Ijangholm,  dated  Shrewsbury,  10th  March, 
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careftilly  insj)ected  its  colleges  and  churches,  afterwards 
expressing  the  great  delight  and  profit  which  he  had 
derived  from  liis  visit.  He  was  entertained  while  there 
by  Mr.  Robertson,  an  eminent  mathematician,  then 
superintending  the  publication  of  an  edition  of  the 
works  of  Archimedes.  The  architectural  designs  of 
buildings  that  most  pleased  him  w^ere  those  of  Dr. 
Aldricli,  Dean  of  Christchurch  about  the  time  of  Sir 
Christopher  Wren.  He  tore  himself  from  Oxford  with 
great  regret,  proceeding  by  Birmingham  on  his  way 
home  to  Shrewsbury.  "  Binningham,"  he  says, "  famous 
for  its  buttons  and  locks,  its  ignorance  and  barbarism — 
its  ])rosperity  increases  with  the  corruption  of  taste  and 
morals.  Its  nicknaeks,  hardware,  and  gilt  gimci'acks 
are  proofs  of  the  former ;  and  its  locks  and  bars, 
and  the  recent  barbarous  conduct  of  its  populace,*  are 
evidences  of  the  latter."  His  principal  object  in  visit- 
ing the  place  was  to  call  upon  a  stained  glass  maker 
respecting  a  window  for  the  new  church  at  Bridge- 
nortli. 

On  liis  return  to  Shrewsbury,  Telford  proposed  to 
])roceed  with  his  favourite  study  of  architecture;  but 
this,  said  he,  "  will  probably  be  very  slowly,  as  I  must 
attend  to  my  every  day  employment,"  namely,  the 
superintendence  of  the  county  road  and  bridge  repairs, 
and  the  direction  of  the  convicts'  labour.  "  If  I  keep 
my  health,  however,"  he  added,  "  and  have  no  unfore- 
seen liindrance,  it  shall  not  be  forgotten,  but  will  be 
creeping  on  by  degrees."  An  unforeseen  circumstance, 
though  not  a  liindrance,  did  veiy  shortly  occur,  which 
launched  Telford  upon  a  new  career,  for  which  his  un- 
remitting study,  as  well  as  his  carefully  improved  experi- 
ence, eminently  fitted  him  :  we  refer  to  his  appointment 
as  engineer  to  the  Ellesmere  Canal  Company. 


neferring  tu  the  burning  of  Dr.  rricstley's  library. 
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The  conscientious  carefulness  with  which  Telford  had 
performed  the  duties  entrusted  to  him,  and  the  skill  with 
which  he  directed  the  works  placed  under  his  charge, 
secured  the  cordial  approbation  of  the  gentlemen  of  the 
coimty.  His  straightforward  and  outspoken  manner 
had  further  obtained  for  him  the  friendship  of  many 
of  them.  At  the  meetings  of  quarter-sessions  his  plans 
had  often  to  encounter  considerable  opposition,  and, 
when  called  upon  to  defend  them,  he  did  so  with  such 
firmness,  persuasiveness,  and  good  temper,  that  he 
usually  carried  his  point.  "  Some  of  the  magistrates 
are  ignorant,"  he  wrote  in  1789,  "  and  some  are  obsti- 
nate ;  though  I  must  say  that  on  the  whole  there  is  a 
very  res|)ectable  bench,  and  with  the  sensible  part  I 
l)elieve  I  am  on  good  terms."  This  was  amply  proved 
some  four  years  later,  when  it  became  necessary  to 
appoint  an  engineer  to  the  Ellesmere  Canal,  on  which 
occasion  the  magistrates,  who  were  mainly  the  promoters 
of  that  undertaking,  almost  unanimously  solicited  their 
Surveyor  to  accept  the  office. 

Indeed,  Telford  had  become  a  general  favoimte  in  the 
county.  lie  was  cheerful  and  cordial  in  his  manner, 
though  s(^^)inewliat  brasque.  Though  now  tliirty-five 
years  old,  he  had  not  lost  the  humorousness  which  had 
l)rocure<l  for  him  the  sobriquet  of  "Laughing  Tam." 
He  laughed  at  his  own  jokes  as  well  as  at  others.  He 
was  spoken  of  as  jolly — a  word  then  much  more  rarely 
as  well  as  more  choicely  used  than  it  is  now.  Yet  h6 
had  a  manly  spirit,  and  was  very  jealous  of  his  inde- 
]>eii(lence.  All  this  made  him  none  the  less  liked  by 
fn^e-mindud  men.  Speaking  of  the  friendly  support 
which  he  had  throughout  received  from  Mr.  Pidteney, 
he  said,  "His  g<x)d  opinion  has  always  been  a  great 
sjitisfaction  to  me ;  and  the  more  so,  as  it  has  neither 
been  obtained  nor  preserved  by  deceit,  cringing,  nor 
Battery.     On  the  contrary,  I  believe  I  am  almost  the 
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only  man  that  speaks  out  fairly  to  him,  and  who  contra- 
dicts him  the  most.  In  fact,  between  us,  we  sometimes 
quaiTcl  like  tinkei-s ;  but  I  hold  my  ground,  and  when 
he  sees  I  am  right  he  quietly  gives  in." 

Although  Mr.  Pulteney's  influence  had  no  doubt 
assisted  Telford  in  obtaining  the  appointment  of  sur- 
veyor, it  had  nothing  to  do  with  the  unsolicited  invi- 
tation which  now  emanated  from  the  county  gentlemen. 
Telford  was  not  even  a  candidate  for  the  engineership, 
and  had  not  dreamt  of  oftering  himself,  so  that  the  pro- 
posed came  upon  him  entirely  by  surprise.  Though  he 
admitted  he  had  self-confidence,  he  frankly  confessed 
that  he  had  not  a  sufficient  amount  of  it  to  justify  him 
in  aspiring  to  the  office  of  engineer  to  one  of  the  most 
important  undertakings  of  the  day.  The  following  is 
his  own  account  of  the  circumstance  : — 

"  My  literary  ]iroject  ^  is  at  2:)resent  at  a  stand,  and 
may  be  refcirded  for  some  time  to  come,  as  I  was  last 
Monday  appointed  sole  agent,  architect,  and  engineer  to 
the  canal  which  is  projected  to  join  the  Mersey,  the  Dee, 
and  the  Severn.  It  is  the  greatest  work,  I  believe,  now 
in  hand  in  this  kingdom,  and  will  not  be  completed  for 
many  years  to  come.  You  will  be  surprised  that  I  have 
not  mentioned  this  to  you  before  ;  but  the  fact  is  tliat  I 
had  no  idea  of  any  such  appointment  imtil  an  applica- 
tion was  made  to  me  by  some  of  the  leading  gentlemen, 
and  I  was  appointed,  though  many  others  had  made 
much  interest  for  the  place.  This  will  be  a  great  and 
laborious  undertaking,  but  the  line  wliich  it  opens  is 
vast  and  noble ;  and  coming  as  the  appointment  does 
in  this  honourable  way,  1  thought  it  too  great  an 
op2)ortunity  to  be  neglected,  especially  as  I  have  stipu- 
hited  for,  and  been  allowed,  the  privilege  of  carrying 
on   my   architectural    profession.      The   work   will    re- 

'  Thv  pn^iviration  of  .s«.^me  tnuislations  from  Buchantan  which  he  had  onn- 
tnnplatcd. 
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quire  great  labour  and  exertions,  but  it  is  wortliy  of 
them  all;' ' 

Telford's  appointment  was  duly  confirmed  by  the 
next  general  meeting  of  the  shareholders  of  the  EUes- 
niere  Canal.  An  attempt  was  made  to  get  up  a  party 
against  him,  but  it  failed.  "  I  am  fortunate,"  he  said, 
"  in  being  on  good  terms  with  most  of  the  leading  men, 
l>oth  of  ])roperty  and  abiHties;  and  on  this  occasion  I 
liad  the  decided  support  of  the  great  John  Wilkinson, 
king  of  the  ironmasters,  himself  a  host.  I  travelled  in 
liis  cjirriage  to  the  meeting,  and  found  him  much  dis- 
|K>sed  to  be  friendly."^     The  salary  at  which  Telford 


'  Ix'tter  t4»  Mr.  Aiulrew  Little, 
I^ii^holin,  (lute*!  Shrewsbury,  29th 
SoptoiiiUT,  1793. 

'  John  Wilkins4Hi  w:w  the  first  of 
the  jrreiit  iniiiiiuisters,  of  wliuiii  there 
are  imw  s*»  many.  His  father  wiw  a 
MfiuiU  fanner  in  Cuinlvrhmd,  who 
aftcrwanls  went  to  work  at  the  in»n 
luriuu-e  ami  tor^e  at  HhiekUirrow,  in 
Cartnu-I,  whrri'  he  Inranie  foreman  of 
the  works.  His  two  s«>ns,  Jolin  and 
William,  wen*  employt^l  there.  The 
Hr»l  inm  funiace  and  for«:e  erectwl  by 
John  Wiis  at  a  plai'e  allied  Wilson 
lloUMf,  in  the  same  neigh Ixmrhou^l, 
ft>r  the  |»ur|»ose  of  Kineltinj^  the  haema- 
tite iron  ore  of  Funu'ss.  The  jwtent 
vkhieh  he  took  out  for  the  manufac- 
tun?  of  U».\  smoothing  irons  pnjvtHl 
\vr>'  ^ueiw-^ful,  and  he  gnulnally  ex- 
tfitdf-ii  his  o|ii  rations.  Tlie  two  bri- 
thi-rs  rnrt***!  iron  forges  at  IJersham, 
n»-:»r  (.'hester,  at  Hra<lh*y,  HrimlN>, 
Mt-rthyr  Tydvil,  and  other  places ; 
aihl  Urame  by  far  tlie  largest  iron 
inunuf4U.-tun'r>i  of  their  day.  Jolin  was 
lnrtieiiUirly  ceU-brat^^l  for  his  cjist- 
iiigH  and  Itorings.  Watt  never  eon  Id 
g«t  ryhndt-rs  cast  true  for  his  wn- 
den>ing  sti-xinwnginc's  until  \Vilkins<in 
Mipph^l  th«'m.  He  Idmself  invente*! 
aiHi  mtn-lucMl  a  ntw  l»oring  maeliine, 
Mim  \itt'>,ui*'  <on«nioM,  whieh  was  a 
LTtvif  nnprov.-iiMiit  Mu  that  tormerly 
in  II?-*.  Th«'  \Vilkins<»ns  cast  the 
\%h"l<-  of  thf  tnln'.s,  pi|HS,  cyUnders, 
.iiid  in'iiWMrk  nqiiinil  lor  the  gn*:it 
r.irin  wat^•r\^ork^ -tin*  most   formid- 

VOI..   II. 


able  undertaking  of  the  kind  at  that 
day.  The  Jirst  iron  vesstd  ever  huilt 
Wiis  cRx^teil  by  them  at  Willey  in 
Soutli  Wales,  and  trade<l  \\\yo\\  the 
Severn  before  the  year  1790.  John 
Wilkinson  retire<l  late  in  life  to  his 
native  county  with  a  handsome  fur- 
tune,  and  he  built  the  mansion  of 
Castlehead,  in  the  jiarish  (»f  (  artmel, 
wheR'  he  dictl.  When  tlie  brothei-s 
gave  up  business,  lal)ourers  were  em- 


ploy(Hl  to  brejik  up  the  machinery  at 
the  Welsh  works  with  sle<lge-ham- 
mers,  in  order  that  the  mat«'rials  might 
lie  e«|ually  divide<l  l)etwi'<*n  them. 
Many  thought  this  an  exce^-^liiigly 
insjine  act;  Vi't  it  was  not  entirely  s<i. 
l^»th  were  extremely  slubltorn  men, 
and  knew  each  other's  t<'mp«'r;  and 
Iterhajts  they  conclud«'<l  that,  tlnuigh 
hle«lg»*-hammers  miuht  Ix*  ver>'  de- 
stnuMivr  when  wieldol  by  lalmurers 
amongst  their  line  machinery,  the 
corn»sive  though  m«»re  tnlious  pnx'ess 
of  a  ( 'hancery  suit,  managnl  by  skilful 
lawyers,  might  U*  still  more  danuigint; 

Z 
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was  engaged  was  500/.  a  year,  out  of  which  he  had  to 
pay  one  clerk  and  one  confidential  foreman,  besides  de- 
fraying his  own  traveUing  expenses.  It  would  not  appear 
that  after  making  these  disbursements  much  would  remain 
for  Telford's  own  labour;  but  in  those  days  engineei-s 
wTie  witisfied  with  comparatively  small  pay,  and  did  not 
dream  of  making  large  fortunes.  Though  he  intended 
to  continue  his  architectural  business,  he  decided  to  give 
up  his  county  sairveyorship  and  other  minor  matters, 
which,  he  said,  "give  a  great  deal  of  very  impleasant 
labour  for  very  little  jn'ofit ;  in  short  they  are  like  the 
calls  of  a  country  surgeon."  One  part  of  his  former 
business  which  he  did  not  give  up  was  what  related  to 
Mr.  Pulteney  and  Lady  Bath,  with  whom  he  continued 
on  intimate  and  friendly  terms.  He  nicidentally  mentions 
in  a  letter  a  graceful  and  charming  act  of  her  Lkidyshi]>. 
On  going  into  his  room  one  day  he  fomid  that,  before 
setting  out  for  Buxton,  she  had  left  upon  his  table  a 
copy  of  Ferguson's  '  Koman  Republic,'  in  three  quarto 
volumes,  superbly  bound  and  gilt. 

He  now  looked  forward  A\ith  anxiety  to  the  commence- 
ment of  the  canal,  the  execution  of  which  would  neces- 
sarily call  for  gi-eat  exertion  on  his  part,  as  well  as 
unremitting    attention   and  industry ;    "  for,''   said   he, 

to  the  intiTcsts  oi'  Iwtli ;  so  tlic  ma-  of  an  iron  coffin  to  anyone  who  mif^lit 

clnncry  was  all  broken  up.    John  had  |   desire  to  |x»se«j  one.     When  he  csinie 

ji^eat  laitli  in  iron,  and  in  its  ai)i»lic{i-  to  lx»  placed  in  his  nanxiw  lied,  it  was 

hility    to    nearly    every    iiuq)ose    for  found  that  the  coffin  he  had  providt»il 

which  durnhh^  material  wjus  required.  was  too  small,  so  he  was  temiJonirily 

Havinj^  made  his  fortune  hy  its  manu-  internNl  until  another  could  be  nmde. 

facture,  he  determineil  that  his  Ixnly  When  placctl  in  the  ground  a  second 

should   lie  cnciise<l   by  his   favourite  time,    the   coffin   was  found    to    lie 

metal  when  he  died.     In  his  will  he  too    near    the    surface ;    acconlinuly 

directed   that   he   should    Ix;   burieil  it  was  taken  up,  and  an  excavation 

in  his  garden  in  an  iron  cx)ffin  with  cut   in  the  rock,  after  which  it  was 

an  iron  monument  over  him  of  twenty  .   burictl    a  third   time;  and    on    the 

tons  weight ;  and  he  was  so  buried  I   Castlehead  estates  binng  sold  in  1828, 

within  thirty  yards  of  his  mansion  at  the  family  directeil  the  coffin  again 

Castleliead.     He  had  the  coffin  made  to  be  taken  up  and  removed  to  the 

long  iK^fore  his  death,  and  used  to  take  neigliKmring  chaiKrl  yard  of  Lindale, 

pleasure  in  showing  it  to  his  visitors,  ,    where  it  now  lies.     A  man  is   atill 

very  nuicli  to  the  horror  of  many  of  living  at  the  latter  place  who  aaaisteii 

them,     lie  w<ndd  also  offer  a  present  at  all  the  four  interments. 
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**  besides  the  actual  labour  which  necessarily  attends  so 
extensive  a  public  work,  there  are  contentions,  jealousies, 
and  prejudices,  stationed  like  gloomy  sentinels  from  one 
extremity  of  the  line  to  the  other.  But,  as  I  have  heard 
my  mother  say  that  an  honest  man  might  look  the  Devil 
in  the  face  without  being  afraid,  so  we  must  just  trudge 
along  in  the  old  way."  * 


'  liCttcr  to  Mr.  Ainlrcw  Littio,  Lingliolm,  datM  ShrewBbury,  3rd  November, 
1793. 


[fly  rViriral  Skelton  ] 
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CHAPTER    VI. 


The  Ellesmere  Canal. 

The  Ellesmere  Caxal  consists  of  a  series  of  navij:^- 
tions  proceeding  from  the  river  Dee  in  the  vale  of  Llan- 
gollen. One  branch  passes  northward,  near  the  towTis 
of  Ellesmere,  Whitchurch,  Nantwich,  and  the  city  of 

Chester,  to  Ellesmere 


V  "^  Port  on  the  Mersey ; 
another,  in  a  south- 
easterly direction , 
through  the  middle  of 
Shropshire  towards 
Shrewsbury  on  the 
Severn ;  and  a  third, 
in  a  south-westerly 
direction, by  the  town 
of  Oswestry,  to  the 
Montgomeryshire 
Canal  near  Llany- 
mynech ;  its  whole 
extent,  including  the 
Chester  Canal,  incor- 
porated vnih  it,  being  about  112  miles. 

The  success  of  the  Duke  of  Bridgewater's  Canal  had 
awakened  the  attention  of  the  landowners  throughout 
England,  but  more  especially  in  the  districts  immediately 
adjacent  to  the  scene  of  the  Duke's  operations,  as  they 
saw  with  their  own  eyes  the  extraordinary  benefits 
which  had  followed  the  opening  up  of  the  navigations. 
The  lesistancc  of  the  landed  gentry,  which  many  of 
those  schemes  had  originally  to  encounter,  had  now  com- 
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pletely  given  way,  and,  instead  of  opposing  canals,  they 
were  everywhere  found  anxious  for  their  construction. 
The  navigations  brought  Hme,  coal,  manure,  and  mer- 
chandise ahnost  to  the  farmers'  doors,  and  provided 
them  at  the  same  time  with  ready  means  of  conveyance 
for  their  produce  to  good  markets.  Farms  in  remote 
situations  were  thus  placed  more  on  an  equality  with 
those  in  the  neighbourhood  of  large  towns ;  rents  rose  in 
consequence,  and  the  owniers  of  land  everywhere  became 
the  advocates  and  projectors  of  canals.  The  dividends 
])aid  by  the  first  companies  were  also  very  high,  and  it 
was  well  kno\\ni  that  the  Duke's  property  was  bringing 
him  in  immense  wealth.  There  was,  therefore,  no  diflS- 
cuhy  in  getting  the  shares  in  new  projects  readily  sub- 
scrilxid  for :  indeed  Mr.  Telford  relates  that  at  the  first 
meeting  of  the  Ellesmere  projectors,  so  eager  were  the 
pul»nc,  that  four  times  the  estimated  expense  was  sub- 
scrilKMl  without  hesitation.  Yet  this  navigation  passed 
tln-ough  a  difficult  country,  necessarily  involving  very 
costly  works ;  and  as  the  district  was  but  thinly  inhabited, 
it  did  not  present  a  very  inviting  prospect  of  dividends.' 
Hut  the  mania  had  fairly  set  in,  and  it  was  determined 
that  the  c^uial  should  be  made.  And  whether  the  invest^ 
iiicnt  r(^i)aid  the  immediate  proprietors  or  not,  it  unques- 
tionably proved  of  immense  advantage  to  the  population 
of  tli(»  districts  through  which  it  pa>jsed,  and  contributed 
to  cnliaiicc  the  value  of  most  of  the  adjoining  property. 
Till*  Act  authorising  the  construction  of  the  canal  was 
obtained  in  170;{,  and  Telford  commenced  operations 
very  shortly  after  his  apix)intment  in  October  of  the 
siiiiK*  year.  His  first  busniess  was  to  go  carefully  over 
tlu»  wliole  of  the  proposed  line,  and  make  a  carefiil  work- 
in<r  survt^y,  settling  the  levels  of  the  different  lengths, 
and  tli(»  position  of  the  locks,  emlwinkments  cuttings, 
and  aquiMlucts.     In  all  matters  of  masonry  work  he  felt 

>  Tli(>  KlkMiM-n*  <  anal  now  ]«yh  iiUmt  4  |icr  cent.  (UvuIcihI. 
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himself  master  of  the  necessiiry  details ;  but  having  liad 
comparatively  small  experience  of  earthwork,  and  none 
of  canal-making,  he  determined  to  take  the  advice  of 
Mr.  William  Jessop  on  that  part  of  the  subject ;  and  he 
cordially  acknowledges  the  obligations  he  was  under  to 
that  eminent  engineer  for  the  kind  assistance  which  he 
received  from  him  on  many  occasions. 

The  heaviest  and  most  important  part  of  the  works 
occurred  in  carrying  the  canal  through  the  rugged  hill 
country  between  the  rivers  Dee  and  Ceriog,  in  the  vale 
of  Lhingollen.  From  Nantwich  to  Whitchurch  tlie 
distance  is  10  miles,  and  the  rise  132  feet,  involving 
nineteen  locks;  and  from  thence  to  Ellesmere,  Cliirk, 
l^ont-Cysylltau,  and  the  river  Dee,  li  mile  above 
Llangollen,  the  distance  is  38i  miles,  and  the  rise 
13  feet,  involving  only  two  locks.  The  latter  part  of 
the  imdertaking  presented  the  gi'eatest  difficulties;  as, 
in  order  to  avoid  the  expense  of  constructing  numerous 
locks,  which  would  aW.)  involve  serious  delay  and  heavy 
exjxmse  in  working  the  navigation,  it  became  necessary 
to  contrive  means  for  carrying  the  canal  on  the  same 
level  from  one  side  of  the  respective  valleys  of  the  Dee 
and  the  Ceriog  to  the  other,  and  hence  the  magnificent 
aqueducts  of  Chirk  and  Pont-Cysylltau,  chamcterised  by 
Phillips  as  "among  the  boldest  efforts  of  human  inven- 
tion in  modern  times."  * 

The  (,^hirk  Acpieduct  carries  the  canal  across  the 
valley  of  the  Ceriog,  between  Chirk  Castle  and  the  vil- 
lage of  that  name.  At  this  point  the  valley  is  above 
700  feet  wide ;  the  banks  are  steep,  with  a  flat  alluvial 
mea(lo\v  bet\veen  them,  through  which  the  river  flows. 
The  country  is  finely  wooded.  Chirk  Castle  stands  on  an 
eminence  on  its  w^estern  side,  with  the  Welsh  moxuitains 
and  Glen  Ceriog  as  a  background ;  the  whole  composing 


'  *A    (icneral   History   of    Inland    I    Hy  J.  IMiilliiw.    Fourth  cditiou.    Ix)n- 
Niivi;jjation,  P\»ivignan«l  IX»nie8tio,'X'c'.    |    doii,  1803. 
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a  landscape  of  great  beauty,  in  tlie  centre  of  which  Tel- 
ford's aqueduct  fomis  a  hijschly  picturesque  object. 


■k-'xn    aft-r  I..-.  cn*:oal  rrmwinft] 


The  ;u|ue<hict  consists  of  ten  arches  of  40  feet  span 
v'M'h.  Tlie  level  of  the  water  in  the  amal  is  65  feet  above 
tlic  meadow,  and  70  feet  above  the  level  of  the  river 
( \  rion^.  The  pr()|Mjrti(jns  of  this  work  far  exceeded  every- 
tliiiiLrnf  the  kind  that  had  up  to  that  time  l)een  attempted 
in  Hii;:land.  It  was  a  very  costly  structure ;  but  Telford, 
likt*  Hrindlev,  thou<i:ht  it  better  to  incur  a  considerable 
eapital  outlay  in  inaintaininj?  the  unifonn  level  of  the 
raiial,  than  to  raise  and  lower  it  up  and  down  the  sides  of 
tlh'  valley  l»y  locks  at  a  heavy  ex])ense  in  works,  and  a  still 
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<::rejiteT  (*ost  in  time  and  water.   The  acpieJuct  is  a  splendid 
s])eciinen  of  tlie  tinest  class  of  luasonry,  and  Telford 

showed  himself  a  master  of  his  pro- 
fession by  the  manner  in  which  lie 
eari'ied  out  the  whole  details  of 
tlie  imdertiiking.  The  piers  were 
carried  ii]>  solid  to  a  certain  height, 
above  wliich  they  were  hnilt  hol- 
low, wnth  cross  walls.  The  span- 
drels also,  above  the  springing  of 
the  arches,  were  constructed  witli 
longitudinal  walls,  and  left  hol- 
low.^ The  first  stone  was  laid  on 
the  17th  of  June,  1790,  and  the 
work  w\as  completed  in  the  year 
1801;  the  whole  remaining  in  a 
l)ei'fect  state  to  this  day. 
s.iioN  oi  .lii:  The    other   great   aqueduct   on 

the  Ellesmere  Canal,  named  Pont-CVsylltau,  is  of  even 


•  Ti'lfonl  hiiiisolf  thus  iiUMlostly 
(IcscriK's  tlip  uu'rit  of  this  ori«jiiuil 
contrivancr:  "  IVovioiisly  to  tliis  time 
such  canal  aijucthicts  hud  Ik'cu  uni- 
Ibmily  nuulc  to  retain  tlie  water  nc- 
('4'ssjiry  lor  uavif^ation  by  means  of 
jm«kllc<l  earth  retaiiietl  by  masonry  ; 
and  in  order  to  ol)tain  sufticient 
breadth  for  this  suiwrstructure,  tlie 
masonry  (»f  the  piers,  abutments,  and 
arches  was  of  massive  strenj^h  ;  anil 
after  all  this  expense,  and  every  ima- 
j^inable  ]>recaution,  the  frosts,  by 
swellinji  the  moist  j)ud«lK',  frequently 
(;reate<l  fissures,  which  burst  the  ma- 
sonry, and  sutVeretl  the  water  to  escai>e 
— nay,  soniet imea  actually  thrt^w  down 
the  acpuHlucts;  instances  of  this  kind 
havinjT  occurred  even  in  the  works  of 
the  justly  celebrate<l  lirindley.  It 
was  evi<lent  that  the  increasetl  pres- 
sure of  the  puddlnl  earth  was  the 
chief  cause  of  such  failures  :  I  there- 
fore had  recoursi'  to  the  followinj^ 
scheme  in  order  to  avoid  using  it. 
The  s])ainlrels  (»f  the  stone  arches  were 
const rnetetl  with   lon^itu<linal    walls, 


instead  of  being  filled  in  with  earth 
(jus  at  Kirkcudbriglit  Bridpe),  ami 
across  these  the  canal  Iwttoin  wa8 
forme<l  by  cast  iron  plates  at  cacli 
side,  infixetl  in  square  stone  niasonn*. 
Thv»L*  liottom  ])lat(«  had  flanches  on 
their  edges,  and  were  secureil  by  nuts 
and  screws  at  every  juncture,  'llio 
sides  of  the  canal  were  made  water- 
pr(K)f  by  ashlar  masonry,  Inckod 
with  hanl  burnt  bricks  laid  in  Parker's 
cement,  on  the  outside  of  which  was 
rubble  stone  work,  like  the  n-st  i»f 
the  aqueduct.  'Hie  towing  ])ath  had 
a  thin  IkxI  of  clay  under  the  gravel, 
and  its  outer  e<lge  was  protcctoii  by 
an  iron  railing.  Ilie  width  of  the 
water-way  is  11  feet ;  of  the  maflonr}' 
on  each  side,  5  feet  0  inches;  and  the 
dejith  of  the  water  in  the  canal,  5  feet. 
By  this  mode  of  construction  the 
quantity  of  masonry  is  much  dimin- 
ishc^rl,  aiid  th(>  iron  Ixtttom  plate  fomis 
a  c<»ntinuous  tie,  preventing  the  aide- 
walls  frf)m  sejiamtion  by  latenil  pitw- 
sure  of  the  containwl  water." — *  Life 
of  Telford,' p.  40. 
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greater  dimensions,  and  a  far  more  striking  object  in 
the  landscape.  Sir  Walter  Scott  8ix)ke  of  it  to  Southey 
as  "  the  most  impressive  work  of  art  lie  had  ever 
seen."  *  It  is  situated  about  four  miles  to  the  north 
of  Chirk,  at  the  crossing  of  the  Dee,  in  tlie  romantic 
vale  of  Llangollen.  The  north  bank  of  the  river  is 
very  abrupt;  but  on  the  south  side  the  acclivity  is 
more  grachial.  The  lowest  part  of  the  valley  in  which 
the  river  runs  is  127  feet  beneath  the  water-level  of 
the  canal ;  and  it  became  a  question  with  the  engineer 
whether  tlie  valley  was  to  be  crossed,  as  originally 
intended,  by  locking  down  one  side  and  up  the  other 
— which  would  have  involved  seven  or  eight  locks  on 
(snrh  side — or  by  carrying  it  directly  across  by  means 
of  an  aqueduct.  The  executi(m  of  the  proposed  locks 
would  have  been  very  costly,  and  the  working  of  them 
in  (*arrving  on  the  navigation  would  necessarily  involve 
a  great  waste  of  water,  which  was  a  serious  objec- 
tion, inasmuch  as  the  supi)ly  was  esthnated  to  be  no 
more  than  sufficient  to  provide  for  the  xmavoidable 
lockage  and  leakage  of  the  smnmit  level.  Hence  Tel- 
ford's opinion  was  strongly  in  favour  of  an  aqueduct; 
but,  as  we  have  already  seen  in  the  cise  of  that  at 
Chirk,  the  height  of  the  work  was  such  as  to  render 
it  inipractic*jd)le  to  construct  it  in  the  usual  manner, 
upon  masonry  piers  and  arches  of  sufficient  breadth  and 
strength  to  afloi'd  room  for  a  puddled  water-way,  wliich 
would  have  been  extremely  hazardous  as  well  a«  expen- 
sive. He  was  therefore  luuler  the  necessity  of  contriving 
some  inore  sjife  and  economical  method  of  i)rocedure ;  and 
he  agjiin  res4)rted  to  the  practice  which  he  had  adopted 
in  the  construction  of  the  Chirk  Aqueduct,  but  on  a  much 
more  formidable  wale. 

It  will  Ik*  understood  that  many  years  elapsed  between 
the  i»i'riod  at  which  Telford  was  appointed  engineer  to 


'  Shrtioiw  fn»m  the  Ix-ttcm  of  Soiith^y,  vol.  iii.,  ]».  502. 
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the  Ellesniere  ('anal  and  the  designing  of  these  gigantic 
works.  He  had  in  the  mean  while  Ijeen  carefully  gather- 
ing exj)erienec  from  a  variety  of  similar  undertakings 
on  which  lie  was  employed,  and  bringing  his  observa- 
tions of  the  strength  of  materials  and  the  different  forms 
of  construction  to  bear  upon  the  plans  under  his  con- 
sideration for  the  gi'eat  aqueducts  of  Chirk  and  Pont- 
Cysylltau.  In  1795  he  was  appointed  engineer  to  the 
Slirewsbury  Canal,  which  extended  from  that  town  to 
the  collieries  and  ironworks  in  the  neighbourhood  of  the 
Wrekin,  crossing  the  rivers  Roden  and  Tern,  and  Ketley 
Brook,  after  which  it  joins  the  Dorrington  and  Shropshire 
Canals.  Writing  to  his  Eskdale  friend,  Telford  said  : 
''Althougli  this  canal  is  only  eighteen  miles  long,  yet 
there  are  many  important  works  in  its  course — several 
locks,  a  tunnel  about  half  a  mile  long,  and  two  aqueduct«. 
Vov  the  most  considerable  of  these  last,  I  have  just  re- 
connnended  an  aqueduct  of  iron.  It  has  been  approved, 
and  will  be  executed  under  my  direction,  upon  a  prin- 
ciple entirely  new,  and  which  I  am  endeavouring  to 
estal)lish  with  regard  to  the  application  of  inm."  ^ 


-:i':-:  v:r.\v  ov  «.  am-  iujn  iko:.  • 


It  was  the  siune  principle  which  he  apphed  to  the 
great  aciueducts  of  the  Ellesniere  Canal  now  imder  con- 
sideration. He  had  a  model  made  of  part,  of  the  pro- 
])0se(l  aqueduct  for  Pont-Cysylltim,  showing  tlie  piers, 
ribs,  t()wing-i)ath,    and  side   railing,  with   a   cast  iron 

*   \a'\Wx  tn  Mr.  Ainlrew  Liltk«,  I.auj^Iiolni,  ilatcil  Shrewsbury,  13th  March, 
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trough  for  the  canal.  The  model  being  approved,  the 
design  was  completed ;  the  ironwork  was  ordered  for 
the  siunmit,  and  the  masonry  of  the  piers  then  pro- 
ceeded. The  foundation-stone  was  laid  on  the  25th  July, 
1 795,  hy  Richard  Myddelton,  Esq.,  of  Chirk  Cajstle,  M.P., 
and  the  work  was  not  finished  until  the  year  1803, — thus 
occupying  a  period  of  nearly  eight  years  in  construction. 

The  aqueduct  is  approaclied  on  the  south  side  by  an 
embankment  1500  feet  in  length,  extending  from  the 
level  of  the  water-way  in  the  canal  imtil  its  perpen- 
dicular height  at  the  "  tip  "  is  97  feet ;  thence  it  is  carried 
to  the  o])posite  side  of  the  valley,  over  the  river  Dee, 
ujH)n  piers  supj^orting  rnneteen  arches,  extending  for 
a  length  of  1007  feet.  The  height  of  the  piers  above 
the  low  water  in  the  river  is  121  feet.  The  lower  part 
of  each  was  built  solid  for  70  feet,  all  above  being 
hollow,  for  the  purpose  of  saving  masonry  as  well  as 
ensuring  good  workmanship.  The  outer  walls  of  the 
hollow  portion  are  only  two  feet  thick,  with  cross  inner 
walls.  As  each  stone  was  exposed  to  inspection,  and 
as  Iwjth  Telford  and  his  confidential  foreman,  Matthew 
I)avi(ls<^^)n,*  kept  a  vigilant  eye  upon  the  work,  scamping 
was  rendered  impossible,  and  a  first-rate  piece  of  masonry 
was  the  result. 

Upon  the  ioj)  of  the  masonry  was  set 
the  cast  iron  trough  for  the  canal,  with  its 
towing-path  and  side-rails,  all  accurately 
Httcd  and  bolted  together,  fomnng  a  com- 
pletely water-tight  canal,  with  a  water-way 
of  11  feet  10  inches,  of  which  the  towing- 
path,  standing  upon  inm  pillars  rising 
from  the  l>ed  of  the  canal,  occupied  4  feet 
S  iiiclies,  leaving  a  space  of  7  feet  2  inches 
for  the  boat.'^     The  whole  cost  of  this  part  of  the  canal 


>W-t»rn  of  lop  cf  PiJUt 
CyajUtau  Aqtaaduct. 


'  Mattlu'W  l)iivi<b«»n  luul  been  Tel- 
ImpTh  lillnw  wurkiuan  at  I^iigholni, 
.till I  wa^  TxrkoiKNl  ail  cxrcllent  tnaDon. 


He  i\M  at  Invernem,  where  he  bad  a 
Hitiuitioii  on  the  Calockmian  Canal. 
2  Mr.  HiighcM,  C.E.,  in  hlM  •  Mc- 
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was  47,018/?.,  which  was  considered  by  Telford  a  mode- 
rate  sum  compared  with  what   it   must   have   cost   if 


[  ^y  I'lnr.al  fkellcu   afiei  Lia  oriAical  Drawic^  ^ 


inoir  of  William  Jcssi'kp/  juiMisIiwl  in 
*  Wojilc's  (^hiartorly  TaiK-i-s  on  Enjri- 
n(M'riiJ^,'  jH>ints  out  tlic  1m.»M  ami  ori- 
«;inal  it  lea  In  to  a»luj)l(Hl,  of  const  met  in*^ 
a  watcr-tiulit  tronj^li  of  cast  iron,  in 
which  the  watt-r  (»!'  tlic  canal  was  to 
1k'  carric<l  over  the  valleys,  insteail  of 
an  ininjeiise  |)n«Ml(Ml  tronj:h,  in  ac- 
conlance  \Nilh  the  ]»ra<'ti»"e  nntil  tlui! 
time  in  use;  ami  he  ad«ls,  "the  im- 
mense im|ortan<'e  <»f  this  imimn'e- 
nieiit  on  the  M  I'racticc  is  ajit  to  lx» 


lost  sij^lit  of  at  the  iircsont  ilay  hy 
those  who  overlor>k  the  numnuiiH  si/A* 
and  strengtli  of  mn^oniy  winch  woiiM 
have  been  nninircd  to  Bupport  a  \\iu\- 
illed  channel  at  the  height  of  V20 
feet.'*  Mr.  Ilnghes,  however,  claims 
for  Mr.  Jess(»i)  the  merit  of  hnvint; 
sn^j^estecl  the  employment  of  iron, 
thou);h,  in  <»ur  ojnnion,  without  mifii- 
cient  Reason.  Mr.  f)esm»i>  wan,  no 
(lonht,  consnlt«Kl  l»y  Mr.  Tolfoiti  on 
the  snhjwt ;  but  the  wlM»le  dotailv  of 

the 
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executed  after  the  ordinary  manner.  The  aqueduct  was 
formally  opened  for  traffic  ni  1805.  "And  thus,"  says 
Telford,  "  has  been  added  a  striking  feature  to  the  beau- 
tiful vale  of  Llangollen,  wliere  formerly  was  the  fastness 
of  Owen  Glendower,  but  whicli,  now  cleared  of  its 
entangled  woods,  contains  a  useful  line  of  intercourse 
l)etween  England  and  Ireland ;  and  the  water  drawn 
from  the  once  sacred  Devon  furnishes  the  means  of 
distributing  prosperity  over  the  adjacent  land  of  the 
fcaxons.    * 

It  is  scarcely  necessary  to  refer  to  the  other  works 
upon  this  canal,  some  of  which  were  of  considerable 
magnitude,  though  they  may  now  appear  dwarfed  by 
comi)arison  with  the  works  of  subsequent  engineers. 
Thus,  there  were  two  difficult  tunnels  cut  through  hard 
rock,  under  the  rugged  ground  which  separates  the 
valleys  of  the  Dee  anrl  the  Ceriog.  One  of  these  is  500 
and  the  other  200  yards  in  length.  To  ensure  a  supply 
of  water  for  the  sunnnit  of  the  ciinal,  the  lake  called  Bala 
Pool  was  dammed  up  by  a  regulating  weir,  and  by  its 
means  the  water  was  drawn  off  at  Llandisilio  when  re- 
quired for  the  ]  purposes  of  the  navigation  ;  the  navigable 
feeder  being  six  miles  long,  carried  along  the  bank  of 
the  Llangollen  valley.  All  these  works  were  skilfully 
ex<'cuted ;  and  when  the  undertaking  was  finished,  Mr. 
Teh'ord  may  l)e  s;ii(l  to  have  fairly  established  his  repu- 
tatiuii  as  an  en<rineer  of  first-rate  abilitv. 

W(»  now  return  to  Telford's  j:)ersonal  history  during 
this  imj>ortant  j>eriod  of  his  career.     He  had  long  pro- 


tin*  <l»>i^Mi,  a.H  w«'ll  JIM  the  Kui^i'stion  Canal,  and  the  circiinwtanoi»H  of  the 

'•r  till-  ii>4'  uf  in  III  (iut  uilmittifl  by  Mr.  .   concern,  the  con)mitt(>t',  in  cuucludhig 

Hu;:)i(>  hiiiisili),  ;in<i  tlie  execution  of  I    their  report,  think  it  but  juKtice  due 

tin'    rutin-    WMfkH,    rwUi\    with    the  to  Mr.  Telfonl  to  state  tliat  the  works 

•AvUwji  tiiu'innr.     This   i.s  U»me  out  liave  lx*en   planned   with   jntiit  ttkill 

by  thf  ri-jNui  piiblLKhi-jl  by  the  Com-  '   and  »ciena»,  and  executi-*!  with  much 

I  any    iniiiHiii;it<  ly   :it't«T   ihe    fonnal  t?conomy  aiwl  Atability,  duin;:  him,  as 

<<l«iiiii;^  i>i    thr   Canal    in    ]S4>r>,    in  well  aH  thcMc  empl(»ycd  by  hmi,  infi- 

\\\iu\i  liny  Mat*':  "  Ilavin;;  now  de-  nite  entlit.   (Signed)  Bbidgewater.** 

taihil  \\xv  luirtirulani  n-lative  to   the  *  Life,  p.  45. 
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mised  himself  a  visit  to  his  dear  Eskdale,  and  tlie  many 
friends  he  had  left  there ;  but  more  especially  to  see  his 
infirm  mother,  who  had  descended  far  into  the  vale  of 
years,  and  longed  to  see  her  son  once  more  before  she 
died.  He  had  not  forgotten  her.  He  had  printed  many 
letters  to  her,  and  had  taken  constant  care  that  she  should 
want  for  nothing.  S/u'  formed  the  burden  of  many  of 
his  letters  to  Andrew  Little.  ''  Your  kindness  in  visiting 
and  paying  so  much  attention  to  her,"  said  he,  "  is 
doing  me  the  greatest  favour  which  you  could  possibly 
confer  upon  me."  He  sends  his  friend  money,  which  he 
urges  In'm  to  lay  out  in  providing  sundry  little  comfoi-ts 
for  his  mother,  who  seems  to  have  carried  her  spirit  of 
independence  so  far  as  to  have  expressed  reluctance  to 
accept  money  even  from  her  own  son.  "  I  must  request,'' 
said  he,  "  that  you  will  purchase  and  send  up  what  things 
may  be  likely  to  be  wanted,  either  for  her  or  the  person 
w^ho  may  be  with  her,  as  her  habits  of  economy  will 
prevent  her  from  getting  plenty  of  everything,  especially 
as  she  thinks  that  I  liave  to  pay  for  it,  which  really  hurts 
me  more  than  anything  else."  ^  He  expresses  an  anxious 
wish  to  see  her ;  but,  what  with  one  urgent  matter  of 
business  and  another,  he  fears  it  will  be  November  before 
he  can  set  out.  He  has  to  prepare  a  general  statement  as 
to  the  navigation  affairs  for  a  meeting  of  the  conmaittee ; 
he  must  attend  the  approaching  Salop  quarter  sessions, 
and  after  that  a  general  meeting  of  the  (^anal  Company ; 
so  that  liis  visit  must  be  postponed  for  yet  another  month. 
"  Indeed,"  said  he,  "  I  am  rather  distressed  at  the  thoughts 
of  running  down  to  see  a  kind  parent  in  the  last  stage  of 
decay,  on  whom  I  can  only  bestow  an  affectionate  look, 
and  then  leave  her  :  her  mind  will  not  he  much  consoled 
by  this  parting,  and  the  impression  left  upon  mine  will 
be  more  lasting  than  pleasant."^ 


•  {.vHor  to  Mr.  Amlrow  Little,  r^m^Iiolm,  datcil  ShrcwMbury,  ICth  Seiit., 
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lie  did,  however,  contrive  to  run  down  to  Eftkdalc  in 
tlie  following  Novenil)er.  His  mother  was  alive,  but 
that  was  all.  After  doing  what  he  could  for  her  com- 
fort, and  providing  that  all  her  little  wants  were  properly 
attende<l  to,  he  hastened  hack  to  his  responsible  duties  in 
connection  with  the  Ellesmere  (\anal.  When  at  Lang- 
holm he  railed  u])on  his  former  friends,  and  recounted 
with  them  the  incidents  of  their  youth.  He  was  declared 
to  I»c  the  wmie  **cjnity  "  fellow  Jis  ever,  and,  though  he 
had  risen  gi'eatly  in  the  world,  he  was  "not  a  bit  set 
u])."  He  found  one  of  his  old  fellow- workmen,  Frank 
lieattie,  become  the  j)rincij>al  innkeeper  of  the  place. 
*'  What  have  you  made  of  your  niell  and  chisels?"  asked 
Telford.  *M)h!"  replied  Beattie,  "they  are  all  di»- 
|km-sim1 — |x?rha])s  lost."  "I  have  taken  l)etter  care  of 
mine,"  sjiid  Telfonl ;  "  I  have  them  all  locked  up  in  a 
nnnn  at  Shrewsbury,  as  well  as  my  old  working  clothes 
and  leather  apron :  you  know  one  cim  never  tell  what 
may  hapj)en."  He  was  surprised,  as  most  jxjople  are 
who  visit  the  scenes  of  their  youth  after  a  long  absence, 
tos4H'  into  what  small  dimensions  Langholm  had  shrunk. 
That  High  Street,  which  Inifore  had  seemeil  so  big,  and 
that  fn)wning  gaol  and  court-house  in  the  Market  Place, 
were  now  comjKinitively  i)altry  to  eyes  that  had  lieen 
faiuiliar  with  Shrewsbury,  Portsmouth,  and  London. 
But  he  was  charmed,  as  ever,  with  the  sight  of  the  heatlier 
hills  an<l  the  narrow  winding  valley — 

Whciv  (Ufp  au<l  low  the  liamlcUi  lie 
IWiiKith  their  little  {tttch  of  sky, 
Ami  littli*  lot  of  Htan*. 

On  his  return  southwanl  he  was  again  delighted  by  the 
Hight  of  old  (f  ilmK'kie  (^istle  and  the  surrounding  scenery. 
As  he  afterwards  wrote  to  his  friend  Little,  "Broom- 
holm  was  in  all  his  ^lorv."  Probably  one  of  the  results 
of  this  visit  was  the  revision  of  the  |>oem  of  *Kskdale,* 
whieli  lieundert<M>k  in  the  course  of  the  following  spring, 
putting  in  n^me  fresh  touches  and  adding  many  new 
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lines,  whereby  tlie  effect  of  the  whole  was  considerably 
improved.  He  had  the  poem  printed  privately,  merely 
for  distribution  amongst  fi'iends ;  "  being  careful,"  as  he 
said,  that  "  no  copies  should  be  smuggled  and  sold." 
Later  in  the  year  w^e  find  him,  on  his  way  to  London  on 
business,  sparing  a  day  or  two  for  the  purpose  of  visiting 
the  Duke  of  Buckingham's  palace  and  treasures  of  art 
at  Stowe  ;  afterwards  writing  out  an  eight-])age  descrii)- 
tion  of  it  for  the  perusal  of  his  friend  at  Langliolm.  At 
another  time,  when  engaged  upon  the  viaduct  at  Pont- 
Cysylltau,  he  snatched  a  few  days'  leisure  to  run  through 
North  Wales,  of  which  he  afterwards  gave  a  glowing 
account  to  his  correspondent.  He  passed  by  Cader  Idris, 
Snowdon,  and  Penniaen  Mawi*.  "  Parts  of  the  comitry  we 
passed  through,"  he  Siiys,  "  very  much  resemble  the  lofty 
green  hills  and  woody  vales  of  Eskdale.  In  other  parts 
the  magnificent  boldness  of  the  momitiiins,  the  torrents, 
lakes,  and  waterfalls,  give  a  special  character  to  the 
scenery,  unlike  everything  of  the  kind  I  had  before  seen. 
The  vale  of  Llanrwst  is  peculiarly  beautiful  and  fertile. 
In  this  vale  is  the  celebrated  bridge  of  Inigo  Jones ;  *  but 
what  is  a  nmcli  more  delightful  circumstance,  the  in- 
habitants of  the  vale  are  the  most  beautiful  race  of  people 
I  have  ever  beheld  ;  and  I  am  much  astonislied  that  this 
never  seeuLs  to  have  struck  the  Welsh  tourists.  The 
vale  of  Llangollen  is  very  fine,  and  not  the  least  interest- 
ing object  in  it,  I  can  assure  you,  is  Davidson's^  famous 
aqueduct,  which  is  already  reckoned  amongst  the  w^onders 
of  Wales.  Your  old  acquaintance  thinks  nothing  of 
having  three  or  four  carriages  at  his  door  at  a  time."  ^ 

It  seems  that,  besides  attending  to  the  construction 
of  the  works  at  this  time,  Telford  had  to  organise  the 
conduct  of  the  navigation  at  those  points  at  which  the 
canal  was  open  for  traffic.     By  the  middle  of  1797  he 


»  Sc-c  Vul.  I.,  p.  2r>2. 
-  Sec  note  ',  ]>.  317. 
3  letter   to   Mr.   Andrew   Meikle, 


I^anjxholm,  dated  Salop,  20th  August, 
171)7. 
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KtateH  that  twenty  miles  were  in  working  condition, 
along  which  coal  and  lime  were  conveyed  in  consider- 
ahle  quantities,  to  the  profit  of  the  Company  and  the 
benefit  of  the  public ;  the  price  of  tliese  articles  having 
already  in  some  places  been  reduced  twenty-five,  and 
in  others  as  much  as  fifty,  per  cent.  **  The  canal  affairs," 
he  says  in  one  of  his  letters,  *'  have  required  a  good 
deal  of  exertion,  though  we  are  on  the  whole  doing  well. 
But,  besides  earning  on  the  works,  it  is  now  necessary 
to  l>estow  c()nsi(leral)le  attention  on  the  creating  and 
guiding  of  a  trade  u|Km  those  jwrtions  which  are  exe- 
cuted. This  involves  various  considerations,  and  many 
ront(»nding  and  sometimes  clashing  interests.  In  short, 
it  is  the  working  of  a  gieat  machine  :  in  the  first  phice, 
to  draw  money  out  of  the  pockets  of  a  numerous  pro- 
prietary to  make  an  expensive  canal,  and  then  to  make 
the  money  return  into  their  pockets  by  the  creation  of  a 
business  ujM)n  that  canal." 

Hut,  as  if  all  this  business  were  not  enough,  he  was 
o(ru|)ied  at  the  sjiine  time  in  writing  a  book  upon  the 
siil)itMt  of  Mills.  In  the  vear  179G  he  had  undertaken 
to  draw  up  a  j)a[)er  on  this  topic  for  the  Ifeard  of 
Agriculture,  and  by  degrees  it  ha<l  gi'own  into  a  large 
quarto  volume,  illustrated  by  upwards  of  thirty  plates, 
lb*  was  also  rea<liii<j:  extensivelv  in  his  few  leisure 
iiiomnits:  and  among  the  solid  works  which  he  peinsed 
we  find  him  mentioning  Itobertson's  *  Disquisitions  on 
Ancient  India,'  Stewart's  '  Philosophy  of  the  Human 
Mind,'  and  Alison's  '  Principles  of  Taste.'  Hut,  as  a  relief 
from  tbcs<'  graver  stu<lies,  he  s(»ems,  alM)ve  all  things,  to 
liav(»  taken  [K^culiar  ])leasure  in  ocwisionally  throwing 
ntV  a  bit  of  poetry.  Thus,  when  laid  uj)  at  an  hotel 
in  diester  by  a  blow  on  his  leg,  which  dis5d>led  him 
for  some  weeks,  he  em])loye<l  part  of  his  time  in 
writing  his  '  ^'e^s«'s  on  hearing  of  the  Death  of  Kobert 
P>urns/  On  another  o<.*rasion,  when  on  his  wav  to  Lon- 
don,  and  detainr'd  for  a  night  at  Stratford-on-Avon,  luj 

vol..  11.  2  A 
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occupied  the  evening  at  his  inn  in  composing  some 
stanzas,  entitled  '  An  Address  to  the  River  Avon/ 
And  when  on  his  way  back  to  Shrewshiiry,  ^vhile 
resting  for  the  night  at  Bridgenorth,  he  amused  liim- 
self  with  revising  and  copying  out  the  verses  for  tlie 
perusal  of  Andrew  Little.  "  There  are  worse  employ- 
ments," he  sivid,  "  when  one  has  an  hour  to  spare  from 
business ;"  and  he  asked  his  friend's  opinion  of  the  com- 
position. It  seems  to  have  been  no  more  favourable 
than  the  verses  deserved  ;  for,  in  his  next  letter,  Telford 
says,  "  I  think  yoiu'  observations  respecting  the  verses 
to  the  Avon  are  correct.  It  is  but  seldom  I  have  time 
to  versify ;  but  it  is  to  me  something  like  what  a  fiddle 
is  to  others.  I  apply  to  it  in  order  to  relieve  my 
mind,  after  being  much  fatigued  with  close  attention  to 
business." 

It  is  very  pleasant  to  see  the  engineer  relaxing  him- 
self in  this  way,  and  submitting  cheerfully  to  unfavour- 
able criticism,  which  is  so  trying  to  even  the  best  of 
tempers.  Tlie  time,  however,  thus  taken  from  his  regular 
work  was  not  loss,  but  gain.  Taking  the  character 
of  his  occupation  into  accomit,  it  was  probably  the  best 
kind  of  relaxation  he  could  have  indulged  in.  With 
his  head  full  of  bridges  and  viaducts,  he  thus  kept  IiIh 
heart  open  to  the  influences  of  l)eauty  in  life  and  nature ; 
and,  at  all  events,  the  wi'iting  of  verses,  indifferent  though 
they  might  have  been,  proved  of  this  value  to  him — 
that  it  cultivated  in  him  the  art  of  writing  better  prose. 
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CHAPTER    VII. 
Iron  and  other  Bridges. 

Shrewsbury  hoinp;  situated  in  the  immediate  neigh- 
hourliood  of  the  Black  Country,  of  which  coal  and 
iron  are  the  principal  product^?,  Telford's  attention  was 
naturally  directed,  at  a  very  early  period,  to  the  employ- 
ment of  cant  iron  in  l)ridge-building.  The  strength  as 
well  as  h'ghtness  of  a  bridge  of  this  material,  compared 
with  one  of  stone  and  lime,  is  of  great  moment  where 
headway  is  of  importance,  or  the  difficulties  of  defective 
foundations  have  to  he  encoimtered.  The  metal  can  be 
moulded  in  such  precise  forms  and  so  accurately  fitted 
together  as  to  give  to  the  arching  the  greatest  possible 
rigidity ;  whilst  it  defies  the  destructive  influences  of 
tinu?  and  atmospheric  corrosion  with  nearly  as  much 
ii'itainty  as  stone  itself. 

The  Italians  and  French,  who  took  the  lead  in  en- 
«::ineering  down  almost  to  the  end  of  last  i^nihis^  *itil\ 
<letecte<l  the  value  of  this  material,  and  inade  several 
attempts  to  introduce  it  in  bridge-buildinj^ ;  Imt  their 
(fforts  proved  unsuccessful,  chiefly  becaui  !  the  in- 
ability of  the  early  founders  to  cast  large  n  •*'  i'^ti. 
and  also  because  the  metal  was  then  more  expensive 
than  either  stone  or  timber.  The  first  actual  attempt  to 
l»uild  a  e:ist  iron  bridge  was  made  at  Lyons  in  1755, 
:ind  it  proceeded  s<^)  far  that  one  of  the  arches  was  put 
to^^r^ether  in  the  builder's  yard;  but  the  project  was 
:ilKMMloned    as  t(X)    costly,   and   timber  was   eventually 

llstd. 

It  was  reserved  for  English  manufacturers  to  triumph 
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over  tlic  difficnilties  which  had  baffled  the  foreignei-s. 
Sliortly  after  tlie  above  ineffectual  attempt  had  been 
made,  the  construction  of  an  iron  bridge  over  the 
Severn  near  ilroseley  formed  the  subject  of  discussion 
among  tlie  iron-masters.  It  was  proposed  to  substitute 
a  bridge  in  ])Iace  of  tlie  ferry  wiiich  then  connected 
the  two  banks  of  the  river ;  and  Mr.  Jolm  Wilkinson, 
who  liad,  as  some  thouglit,  an  extravagant,  but,  as 
results  have  proved,  a  truly  prophetic,  appreciation 
of  the  extensive  uses  to  which  iron  might  be  applied, 
strongly  urged  that  the  structure  should  be  of  that 
material.  Everybody  knew  of  Mr.  Wilkinscm's  hobby, 
and  of  his  prognostication  that  the  time  w^ould  come 
when  we  should  live  in  houses  of  iron,  and  even  imvi- 
gate  the  seas  in  ships  of  iron.  When  he  insisted  upon 
an  iron  bridge  being  built  at  Coalbrookdale,  jieople  said 
he  was  "  iron-mad.''  But  as  he  was  a  powerful  man 
in  his  day — '*the  great  ircm-inaster"  he  was  called — 
his  suggest i(Hi  could  not  be  dismissed  without  consi- 
deration ;  and  the  Bridge  Company,  which  had  Ix^en 
formed,  determintHl  to  take  the  opinion  of  Mr.  Pritchard, 
of  Shrewsbmy,  on  the  subject.  That  architect's  opinion 
was  favourable  to  the  suggestion  of  the  iron-master; 
and  he  was  re(]uested  to  supply  a  design  of  an  iron 
bridge,  which  was  eventually  adopted.  The  work 
was  erec^ted,  under  ccmtract,  by  Messrs.  Reynolds  and 
Darby,  iron-masters  at  (^)albrookdale,  in  the  year 
1777.  The  bridge  has  only  one  semicircular  arch  of 
100  feet  s])an,  each  of  the  great  ribs  consisting  of  two 
pieces  only.  Though  it  was  on  the  whole  a  bold  design, 
and  well  executed,  the  error  wa^s  committed  of  treating 
the  arch  as  one  of  equilibrium.  There  also  seems  to  have 
been  some  defect  in  the  abutment*?,  which  were  foix^d 
inwards  by  the  pressure  of  the  earth  behind  them,  and 
the  iron  arch  was  thus  partially  fractured  and  i-aiseil 
in  the  middle.     Nevertheless,  the  first  cast  iron  bridge 
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rvvv  vm-tM  proved  a  very  sorvireahle  Ktrueture,  and  it 
riMiiaiiis  so  to  tliis  day. 

It  is  a  curious  circuni.stance  that  the  next  contriver  of 
an  iron  hrid^e  was  no  other  than  the  same  Tom  Paine 
whnse  poHtical  writin;::s  Telford  had  so  niucli  admired. 
While  residinp  in  Anieriea,  Paine  had  proposed  to  build  a 
hrid^re  of  this  material  400  feet  in  span  over  the  Schuyl- 
kill, and  he  eame  to  Enj^land  to  take  out  a  patent  for 
his  invention,*  an<l  to  order  a  hridge  after  his  plan,  the 
materials  of  which  were  manufactured  at  the  Kother- 
ham  I  run-works.  They  were  delivered  in  Ix)ndon,  and 
fitted  t<);^ether  on  a  l)owlin<:;-f:freen  at  Padchnjii^ton.  But 
the   French  Hev<dntion  hreakinj::  out,  Paine  hastened  to 
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Paris  to  join  tlie  "  Friends  of  Man,"  leaving  his  bridge 
in  tlie  liands  of  liis  creditors.  His  democratic  associates 
having-  incarcerated  him  in  the  Luxembourg  prison,  he 
lay  tliere  for  eleven  months,  but  finally  escaped  to 
America.  In  the  mean  time  the  materials  had  been  pur- 
chased for  erection  over  the  river  Wear,  at  Sunderland, 
where  the  second  iron  bridge  in  England  was  erected, 
after  a  design  by  Mr.  T.  Wilson,  in  the  year  1796.  Mr. 
Robert  Stephenson  has  characterised  this  bridge  as  *'  a 
structure  which,  as  regards  its  proportions  and  the  small 
([uantity  of  material  employed  in  its  construction,  will 
l)robably  remain  mn*ivalled."  ^  Indeed,  it  was  long- 
regarded  as  the  greatest  trhimph  of  the  art.     Its  span 
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in  2*}()  feet,  witli  a  nVe  of  34  feet,  tlie  springing  com- 
mencing at  95  feet  above  the  bed  of  the  river ;  and  its 
height  is  such  as  to  allow  vessels  of  300  tons  burden  to 
sjiil  underneath  without  striking  their  masts. 

The  same  year  in  which  Paine's  bridge  was  erected 
at  Sunderland,  Telford  was  building  his  first  iron 
bridge  over  the  Severn  at  Buildwas,  at  a  point  about 
midway  between  Shrewsbury  and  Bridgenorth.  An 
unusually  high  flood  havhig  swept  aw^ay  the  old 
bridge  in  the  year  1705,  Telford  was  called  upon,  as 
.<ur\  eyor  for  the  comity,  to  suj)ply  the  plan  of  a  new 
<»nc.  Being  on  intimate  tenns  with  Mr.  Wilkinson,  who 
had  strongly  8Upi>orted  his  appointment  as  engineer 
to  the  Kllesmere  Canal,  he  was  well  aware  of  his  san- 
guine views  as  to  the  cjipabilities  of  iron.  He  had  also 
carefully  examined  the  bridge  at  Coalbrookdale ;  and 
while  he  had  noted  the  defects  in  its  construction,  he 
fully  aj)preciated  its  remarkable  merits.  The  conclusion 
at  which  he  arrived  was,  to  build  the  proposed  bridge 
at  Buildwas  of  this  material ;  and  as  the  waters  came 
down  with  great  suddenness  and  fury  from  the  Welsh 
mountains,  he  determined  to  construct  it  of  only  one 
jinh,  so  as  to  afford  the  largest  possible  water-way. 
lie  had  some  difliculty  in  inducing  the  Coalbrookdale 
iron-masters,  who  undertook  the  casting  of  the  material, 
to  <li'part  fn'm  the  plan  of  the  earlier  structure;  but 
he  iH»rsisted  in  his  own  design,  which  was  eventually 
can  ied  out.  It  consisted  of  a  single  arch  of  130  feet 
span,  the  s(»gment  of  a  very  large  circle,  calculated  to 
resist  that  tendency  of  the  abutments  to  slide  inwards 
which  had  been  the  defect  of  the  Coalbrookdale  bridge; 
the  flat  arch  l)c»ing  itself  sustained  and  strengthened  by 
an  outer  ribbed  one  on  each  side,  springing  lower  than 
the  fonuer  and  also  rising  higher,  somewhat  after  the 
manner  of  timber-trussing.  Although  the  sjian  of  the 
new  bridge  was  30  feet  wider  than  the  Coalbrook- 
<lale  bridge,  it  contained  less  than  half  the  quantity  of 
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iron  ;  Biiildwas  bridge  containing  173,  wliereas  the  other 
contained  378  tons.  Tlie  new  structure  was,  besides, 
extremely  elegant  in  form ;  and  when  the  centres  were 
struck,  the  arch  and  abutments  stood  perfectly  finii,  and 
have  remained  m  until  this  day.  liut  the  ingenious  yet 
simple  design  of  this  bridge  will  be  better  explained 
by  the  following  representation  than  by  any  descTiption 
in  words.' 


i  ■.  .  1 :  :>••'.  > :-.    <  i : .  i  >.  I  r,      [By  r-rciv*U  Mk-.-Itcn  J 

This,  however,  had  not  been  Telford's  first  employment 
of  iron  in  bridge-building;  for  we  found  him  writing  to 
his  friend  at  Langholm — the  year  before  Paine's  arching 
was  erected  at  Sunderland  and  his  own  at  Buildwas — that 
he  had  reconnnended  an  iron  aqueduct  for  the  Shrews- 
Imrv  Canal,  "on  a  principle  entirely  new,"  and  which 
he  was  "  endeavouring  to  establish  with  regard  to  the 


*  Mr.  Tclionl  (rive's  the  followiii}:; 
furtlKT  (lotails:  "Kach  of  the  main 
ribs  (»t'  the  Hat  arch  consists  of  thn^e 
jiicccs,  and  at  each  junction  tli(?y  are 
secured  l>y  a  p-atcd  ])hitc,  which  con- 
nects all  the  ].arallel  rilw  tofjether 
\uU>  one  frame.  The  back  of  each 
al)utment  is  in  a  \ve<l;ie-sha|K',  so  as 
to   throw  i.iy  laterally  much    of   the 


pressure  of  the  earth.  Under  the 
bridge  is  a  towing  nath  on  each  side 
of  tlie  river,  llie  briilge  was  ca»t  in 
an  admirable  manner  by  tlw»  Oial- 
bnN)kdale  iron-masters  in  the  year 
ITlMi,  under  contmct  with  the  comity 
ma^istmtes.  Tlie  total  ciwt  was 
iM>:\4K  13s.  3</."— *Life/  p.  30. 
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application  of  iron."  '  This  iron  aqueduct  liad  now  been 
cji«t  and  fixed;  and  it  was  found  to  effect  so  great  a 
saving  in  masonry  and  earthwork,  tliat  he  was  afterwards 
imhic^ed  to  apply  the  same  principle,  as  we  have  already 
seen,  in  different  forms,  in  the  magnificent  aqueducts  of 
Chirk  and  Pont-Cysylltau. 

The  uses  of  cast  iron  in  canal  construction  became 
more  obvious  with  every  year's  successive  experience ; 
nnd  Telford  was  accustomed  to  introduce  it  in  many  cases 
where  formerly  only  timber  or  stone  had  been  employed. 
( )n  tlie  Ellesmere,  and  afterwards  on  the  (Caledonian  Canal, 
he  introduced  cast  iron  lock-gates,  which  were  foimd  to 
answer  admirably,  being  more  durable  than  timber, 
and  not  liable  like  it  to  shrink  and  expand  with  alter- 
nate dryness  and  wet.  The  turnbridges  which  he  in- 
troduced ujx)n  his  canals,  instead  of  the  old  drawbridges, 
were  also  of  cast  iron ;  and  in  some  cases  even  the  locks 
themselves  were  of  the  same  material.  Thus,  on  a 
jKirt  of  the  Ellesmere  (^vnal  opposite  Beeston  Castle,  in 
Cheshire,  where  a  couple  of  locks,  together  rising  17  feet, 
having  been  built  on  a  stratum  of  quicksand,  were  re- 
iK'iitedly  undernniied,  the  idea  of  constructing  the  entire 
huks  of  cast  iron  was  suggested  ;  and  this  extraordinary 
application  of  tlie  new  material  wjis  successfully  accom- 
jilished,  with  entirely  siitisfactory  results. 

Uut  Telford's  principal  application  of  cast  iron  was 
in  the  construction  of  road  bridges,  in  which  he 
proved  himself  a  master.  His  experience  in  these  struc- 
tures ha<l  now  become  very  extensive.  During  the 
time  that  he  held  the  office  of  surveyor  to  the  county 
of  Salop,  he  erected  no  fewer  than  forty-two,  five  of 
\  which  were  of  iron.  Indeed,  his  success  in  iron  bridge- 
l»nil(ling  so  nnich  emboldened  him,  that  in  1801,  when 
Old  London  Bridge  had  become  so  rickety  and  incon- 
vrnient   that   it   was  found   necessary  to  tiike  steps  to 

'  Lrtt.r  t..  Mr.  Aiulnw  Litilr,  Lin^^liolm,  lUtoii  ShrewHbuiy,  18th  March, 
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rebuild  or  remove  it,  he  proposed  tlie  daring  plan  of  a 
cjist  iron  bridge  of  a  single  arch  of  not  less  than  600  feet 
span,  the  segment  of  a  circle  1450  feet  in  diameter.  In 
[U'eparing  this  design  we  find  that  he  was  associated  with 
a  Mr.  Douglas,  to  \vhom  many  allusions  are  made  in  his 
private  letters.^  The  design  of  this  bridge  seems  to  have 
arisen  out  of  a  larger  subject — the  improvement  of  the 


'  Douglas  was  first  mentioned  to 
'Jelfonl,  in  a  letter  from  Mr.  Pasley, 
as  a  young  man,  a  native  of  Big- 
holmes,  Kskilale,  who  had,  after  serv- 
ing his  time  there  as  a  mechanic, 
emigrated  to  America,  where  he 
showeil  such  pr(K)fs  of  mechaniciil 
genius  that  he  attracted  the  nt>ticc 
of  Mr.  Liston,  the  British  Minister, 
who  piid  liis  exi)enses  home  to 
England,  that  Ids  services  nnght  not 
V)0  lost  to  his  amntry,  and  at  the 
sjime  time  gave  him  a  letter  of  intro- 
duction to  the  Society  of  Arts  in 
London.  'J  elford,  in  a  letter  to  An- 
drew Little,  dated  4th  December, 
1797,  expresses  a  desire  "to  know 
more  of  this  Eskdale  ArchimcHles." 
Shortly  after,  we  find  Doughis  men- 
tioned as  having  invent<xl  a  brick- 
machine,  a  shearing-machim?,  and  a 
hdl  for  destroying  the  rigging  of 
ships  ;  for  the  two  Ibnner  of  wliich  he 
sttniretl  j)atents.  IVlford  having  by 
this  time  got  rid  of  his  revolutionary 
symi»athies,  expressetl  the  hoin?  that 
Doughts's  destructive  ball  m'ght  prove 
of  service  ag:iinst  the  French  war- 
ships. In  a  siiKscquent  letter,  dated 
Salop,  Gth  March,  171)8,  he  says : 
"  We  arc  suUscribing  most  lilx?nilly 
Jiere  to  ojifiose  these  terrible  French- 
men, who  seem  to  want  more  worlds 
to  suUlue,  not  consitlering  how  ditli- 
cult  it  is  to  govern  what  they  already 
lH.>ss<.'Ss.  1  have  already  ilisjipproved 
(»f  our  medilling  with  them  at  all 
with  reganl  to  their  own  aflhirs;  but 
I  am  etpially  averse  to  their  settling 
nurs.  They  ])n»ve  nither  troublesome 
n('ighlH)Ui's,  and  very  nmch  assume 
the  attitude  of  tmr  oM  stunly  In^ggars. 
I'lHMi  tlu^  whole,  I  shouM  feel  well 
s;ilisjie«l  if  Douglas  wouM  destr«)y 
their  lloating  camps  and  flat-lK)ttomeil 


boats."  In  1799  Telford  says  he  is 
emjjloying  Doughis  to  do  some  work 
for  him  in  comiection  with  th^watcT- 
works.  In  1802  Douglas  seems  to 
have  suddenly  al)scondecl,  and  Telford 
writes  his  friend  at  Langholm  : — 
**  James  Douglas  has  played  us  a 
pliskey.  However,  by  gcxxl  managt- 
ment,  I  think  there  will  not  be  any 
great  loss — but  no  thanks  to  him. 
Where  he  is  gone,  I  know  not." 
Telford  heanl  nothing  more  of  his 
coadjutor  who  had  thus  left  him 
in  the  lurch  until  the  year  1815, 
when  he  thus  writes  to  Mr.  William 
TJttle,  postmaster  at  Langholm : — 
**  At  Inverness,"  says  he,  "1  was  sur- 
prised at  receiving  a  letter  from  James 
l)ouglas,  announcing  his  successful 
career  in  France.  I  am  not  8uq)ri8ed 
at  it :  he  was  peculiarly  fitted  for  that 
country.  I  had  never  heard  of  him 
since  he  left  Mr.  Pasley  and  my.self 
in  the  lurch,  which  action,  with  good 
reason,  soured  the  mind  of  that  inobt 
excellent  of  men  even  to  me ;  although 
it  was  through  him  I  w^as  forced  into 
the  connection,  and  my  injury  was 
iiir  greater  than  his.  But  of  tlus  no 
more.  1  wish  Douglas  may  deserve 
the  success  which  his  natural  talents 
merit,  although  they  might  have  been 
exercised  in  a  more  resiKXitable  man- 
ner. But  he  was  always  too  imysir 
tient  for  distinction  and  wealth;  in 
(he  race  for  which,  in  this  ooimtry, 
he  foimd  too  many  able  com[ictitor8." 
It  apix^rs  that  Douglas  intnxiuuHl 
in  Framje  machinery  for  the  improve*! 
manufactuR^  of  woollen  cloth,  and, 
l)eing  j»atronistHl  by  the  Government, 
he  succeoileil  in  nnilising  coiisidcrable 
wealth,  which,  however,  he  did  nut 
live  to  enjoy. 
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|K)rt  of  London.  In  ;i  private  letter  of  Telford's,  dated 
the  13th  May,  1800,  he  says  :— 

"  I  have  twice  attended  the  Select  Committee  on  the 
l*ort  of  London,  Lord  Hawkesbury  chairman.  The  subject 
has  now  been  agitiited  for  four  years,  and  might  have 
been  so  for  as  many  more,  if  Mr,  Pitt  had  not  taken  the 
business  out  of  the  hands  of  the  General  Committee  and 
got  it  referred  to  a  Select  Committee.  Last  year  they 
rec<namended  that  a  system  of  docks  should  be  foimed 
in  a  hirge  bend  of  the  river  opposite  Greenwich,  called 
the  Isle  of  Dogs,  with  a  canal  across  the  neck  of  the  bend. 
This  part  of  the  contemplated  improvements  is  already 
<(>nunenced,  and  is  proceeding  as  rapidly  as  the  nature 
of  the  work  will  admit.  It  will  contain  ship  docks  for 
large  vessels,  such  as  East  and  West  Indiamen,  whose 
draught  of  water  is  considerable. 

*'  There  are  now  two  other  propositions  imder  con- 
sidenition.  One  is  to  form  another  system  of  docks  at 
Wapping,  and  the  other  to  take  down  London  Bridge, 
rebuild  it  of  such  dimensions  as  to  admit  of  ships  of  200 
tons  passing  under  it,  and  form  a  new  pool  for  sliips  of 
such  burden  between  London  and  Blackfriars  Bridges, 
with  a  set  of  lingular  wharves  on  each  side  of  the  river. 
This  is  with  the  view  of  sjiving  lighterage  and  plunderage, 
:iih1  bringing  the  great  mass  of  commerce  so  much  nearer 
to  the  heart  of  the  City.  This  last  part  of  the  plan  has 
hrfii  taken  up  in  a  great  measure  from  some  statements 
I  made  while  in  London  last  year,  and  I  have  been  called 
ht'fore  the  Committee  to  explain.  I  had  previously  pre- 
|»;iied  a  set  of  plans  and  estimates  for  the  purix)8e  of 
showing  how  the  idea  might  be  canieil  out;  and  thus  a 
ronsiderahle  degree  of  interest  has  been  excited  on  the 
siihjcct.  It  is  as  yetj  however,  very  uncertain  how  far 
the  plans  will  be  carried  out.  It  is  certainly  a  matter  of 
great  national  importance  to  render  the  port  of  London 
as  |>orf"ect  as  possible."  ^ 

'   \a\u\  t«.  Ml.  Aiitlri  w  LittUs  Un<^'li<iliii,  cUied  I^mlou,  13Ui  May,  1800. 
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Later  in  tlie  sitnie  year  he  writes  that  his  plans  and 
propositions  have  been  approved  and  recommended  to 
be  carried  out,  and  he  expects  to  have  the  execution  of 
them.  "  If  thev  will  provide  the  wavs  and  means,"  save 
he,  "  and  give  me  elbow-room,  1  see  my  way  as  plainly 
as  mending  the  brig  at  the  auld  burn."  In  November, 
1801,  he  states  that  his  view  of  London  Bridge,  as  pro- 
posed l>y  him,  has  been  published,  and  admitted  to  be 
one  of  tlie  finest  plates  lately  produced.  On  the  14th  of 
April,  1802,  lie  writes,  "I  have  got  into  mighty  favour 
witli  tlie  Royal  folks.  I  have  received  notes  written  by 
order  of  the  King,  the  Prince  of  Wales,  Duke  of  York, 
and  Duke  of  Kent,  about  the  bridge  print,  and  in  futiu'e 
it  is  to  be  dedi(;atod  to  the  King." 


•\\)-y.U  ONKAKtllKD   HHlDi'.K  O^EH  THK  TnAMES. 


The  bridge  in  (piestion  was  one  of  the  boldest  of  Tel- 
ford's designs.  He  proposed  })y  his  one  arch  to  provide 
a  clear  headway  of  05  feet  above  high  water.  The  arch 
was  to  consist  of  seven  cast  iron  ribs,  in  segments  as  large 
as  ]iossil)Ie,  and  they  were  to  be  connected  by  diagonal 
cr()ss-l)racing,  disposed  in  such  a  maimer  that  any  part  of 
the  ribs  and  braces  could  be  taken  out  and  replaced 
without  injury  to  the  stability  of  the  bridge  or  inter- 
ruption to  the  traffic  over  it.     The  roadway  was  to  In? 
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45  feet  wide  in  the  centre,  increasing  to  double  that 
width  at  tlie  abutments.  It  was  to  contain  6500  tons  of 
iron,  and  the  cost  of  the  wliole  was  to  be  262,289/. 

The  origuiality  of  the  design  was  greatly  admired, 
though  there  were  many  wlio  received  with  incredulity 
tlie  j)r()posal  of  bridging  the  Thames  by  a  single  arch, 
and  it  was  siircastically  said  of  Telford  that  he  might  as 
well  think  of  "  setting  the  Thames  on  fire."  Before  any 
outlay  was  incurred  in  its  construction,  it  was  deter- 
mined to  submit  the  design  to  the  most  eminent  scien- 
tific and  practical  men  of  the  day;  after  which  evidence 
was  taken  at  great  length  before  a  Select  Conmiittee 
which  sjit  on  the  subject.  Amongst  those  examined  on 
the  occasion  were  the  venenible  James  AVatt  of  Bir- 
mingham, Mr.  John  Kennie,  Professor  Hutton  of  Wool- 
wich, Professors  Phiyfair  and  Robison  of  Edinburgh, 
Mr.  Jessop,  Mr.  Southern,  and  Dr.  Maskelyne.  Their 
evidence  will  still  be  fomid  interesting  as  indicating  the 
state  at  which  constructive  science  had  at  that  time 
arrived  in  England.^  There  was  a  considerable  diver- 
sity of  opinion  amongst  the  witnesses,  as  might  have  been 
ex{)ccted ;  f(»r  experience  was  as  yet  very  limited  as  to 
the  resiistance  of  cast  iron  to  extension  and  « oiuprcssi^jti. 
Snnie  of  them  anticipated  immense  dilHcuhy  in  casting 
pieces  of  metal  of  the  necessary  size  and  exiietiies^,  »o  m 
t<)  secure  that  the  radiated  joints  should  he  all  stniiglit 
and  W'aring.  Others  laid  down  certain  iitmn'' r  :  f^  -  rn^s 
of  the  arch,  which  (hd  not  quite  square  with  the  plan 
I  »r<  »p<  »si'd  I  jy  the  engineer.  But,  as  was  candidly  observed 
l»y  Prori'ss<)r  Playfair  in  concluding  his  report — "It 
is  Witt  from  theoretical  men  that  the  most  valuable  in- 
formation in  such  a  case  as  the  present  is  to  be  expected. 
When  a  mcchanicjd  arrangement  becomes  in  a  certain 
degree  (MMMpHcatcd,  it  baffles  the  efforts  of  the  geomptPr, 
and  refuses  to  submit  to  even  the  most  approved  uh  di*Ml^ 

'  III*  rviiUnri  is  lairly  Htt  forth  in  ^Vn-ny^H  Eiicycluiicilia  of  rivH  Hu^' 
iMiriii'^',*  )».  47'). 


3(m  HEWDLEY  Bl^IDGE.  Part  VITI. 

of  investigation .  Thin  liolds  p^oocl  particularly  of  bridges, 
where  tlie  principles  of  mechanics,  aided  by  all  the 
resources  of  the  higher  geometry,  have  not  yet  gone 
further  than  to  determine  the  equilibrium  of  a  set  of 
smooth  wedges  acting  on  one  another  by  pressure  only, 
and  in  such  circiunstances  as,  excejDt  in  a  philosophical 
experiment,  can  hardly  ever  be  realised.  It  is,  there- 
fore, from  men  educ<ated  in  the  school  of  daily  practice 
and  experience,  and  wlio  to  a  knowledge  of  genei-al 
principles  have  added,  from  the  habits  of  their  profession, 
a  certain  feeling  of  the  justness  or  insufficiency  of  any 
mechanical  contrivance,  that  the  soimdest  opinions  on  a 
matter  of  this  kind  can  l)e  obtained." 

It  would  appear  that  the  Conmiittee  (\ame  to  the 
general  conclusion  that  the  construction  of  the  proposed 
hridge  was  practicable  and  safe ;  for  the  river  was  con- 
tracted to  the  requisite  width,  «and  the  preliminary  works 
were  actually  liegim.  Mr.  Stephenson  says  the  design 
was  abandoned,  owing  more  immediately  to  the  difficulty 
of  constructing  the  approaches  with  such  a  headway, 
which  would  have  involved  the  formation  of  oxtcnsiv(? 
inclined  planes  from  the  adjoining  streets,  and  thereby 
led  t(^  serious  inconvenience,  and  depreciation  of  much 
valuable  property  on  both  sides  of  the  river.^  From 
that  time  we  hear  no  more  of  the  subject  in  Telford's 
private  letters. 

Besides  his  inm  bridges,  Telford  was  busily  engaged, 
at  this  early  period  of  his  career,  in  designing  and 
erecting  bridges  of  stone  of  considei^able  magnitude  and 
importance.  In  the  spring  of  1705  a  thaw,  after  a  long 
continued  fall  of  snow,  caused  a  sudden  flood  to  sweep 
down  the  Severn,  which  carried  aw^ay  many  bridges — 
nmongst  others  one  at  liewdley,  in  Worcestershire.  Tel- 
ford was  called  upon  to  supply  a  design  for  a  new  struc- 
ture,    lie  was  very  busily  occupied  on  similar  works 

'  Article  en  Iron   Brulizcs,  in  the  *  Encvcloinilia  Uritannica.'    £(linlmrc)i, 
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about  the  same  time — amongst  others,  in  planninjaj  a  new 
bridge  for  the  town  of  Bridgenorth ;  "  in  short,"  he  says, 
"  I  have  been  at  it  night  and  day."  So  uniform  a  success 
had  lieretofore  attended  tlie  execution  of  his  designs, 
that  his  reputation  as  a  bridge-builder  was  universally 
acknowledged.  "  Last  week,"  he  says,  "  Davidson  and 
I  struck  the  centre  of  an  arch  of  76  feet  span,  and  this 
is  the  third  which  has  been  thrown  this  summer,  none 
of  which  have  shrunk  a  quarter  of  an  inch." 

liewdley  Bridge  is  a  handsome  and  substantial  piece 
of  masonry.  The  streets  upon  each  side  being  on  low 
ground,  it  was 
necessary  to  pro- 
vide land  arches 
at  both  ends  for 
the  passage  of 
the  flood  waters; 
jind  as  the  Se- 
vern was  navi- 
gjible  at  the 
jM^int  crossed,  it 
was  considered 
necessary  to 
provide  much 
greater  width  in 
the  river  arches 
than    had    been  kwil.v  .uidoe   [..^.^.^s^u^^ 

the  c;ise  in  the  former  structure.  The  arches  were 
three  in  nunil>er  one  of  60  feet  span  and  two  of 
.■»2  feet,  the  land  arches  being  9  feet  span.  The 
works  were  j)roceeded  with  and  the  bridge  was  com- 
pleted during  the  summer  6f  1798,  Telford  writing  to 
his  friend,  in  December  of  that  year — **We  have  had 
a  remarkably  dry  summer  and  autumn ;  after  that  an 
early  fall  of  snow  and  some  frost,  followed  by  rain. 
Tile  drought  of  the  simimer  was  unfavourable  to  our 
canal  working;   but  it  has  enabled  ug  to  raise  Bewdley 


3r;8 


TOXOUELANl)  mUDGK. 


Paiit  VIII. 


Bridj»:e  as  if  l)y  oiiclumtmeiit.  We  have  thus  built  a 
iiiaj:;iiifi(!eiit  bridge  over  the  Severn  in  one  season, 
which  is  IK)  cuntemy)tible  work  for  John  Simpson  ^  and 
yonr  liiinil)le  servant,  amidst  so  many  other  great  im- 
dertakiiigs.  John  Simpson  is  a  treasure — a  man  of 
great  talents  and  integrity.  I  met  with  him  here  by 
cliance,  employed  and  reeonnnended  him,  and  lie  lias 
now  under  his  charge  all  the  works  of  any  magnitude 
in  this  great  and  rich  district." 

Another  of  our  engineer's  early  stone  bridges,  which 
may  be  mentioned  in  this  place,  was  erected  by  him  in 
1805,  over  the  river  Dee  at  Tongueland  in  the  county 
of  Kirkcudl»right.  It  is  a  bold  and  picturescpie  bridge, 
situated  in  a  lovely  locality.  The  river  is  very  deep  at 
high  water  there,  the   tide  rising  no  less  than  20  feet; 
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and  as  tlie  banks  were  steep  and  rocky,  he  detennined 
to  hrid^e  the  stream  by  a  single  arch  of  112  feet  span. 
The  ris*^  beiiif^  considerable,  hij^h  winji^walls  and  deep 
spjindrels  were  requisite;  but  the  weight  of  the  struc- 
ture was  much  lig;htened  by  the  expedient  which  he 
adopted  of  peiforating;  the  winp^s,  and  building  a  number 
of  longitudinal  walls  in  the  spandrels,  instead  of  filling 
them  with  earth  or  inferior  masonry,  as  had  until  then 
been  the  usual  practice.  The  ends  of  these  walls,  con- 
ncrtcil  and  steadied  by  the  insertion  of  tee-stones,  were 
buih  so  as  to  abut  against  the  back  of  the  arch-stones 
and  the  cross  walls  of  each  abutment.  Thus  great 
strength  as  well  as  hghtness  was  secured,  and  a  very 
graceful  and  at  the  sjime  time  substantial  bridge  w.as 
])rovidcd  for  the  accommodation  of  the  district.* 

In  his  letters  written  about  this  time,  Telford  seems  to 
have  Ix^en  very  full  of  employment,  which  required  him 
to  travel  about  a  great  deal,  'vl  have  l)ecome,"  said  he, 
**  a  verv  wandering  Ixiing,  and  am  scarcely  ever  twodavs 
in  one  ]>lace,  unless  detained  by  business,  which,  how- 
t»ver,  occu])ies  my  time  very  conq)letely."  At  another 
time  he  sjiy.s  '*  I  am  tossed  about  like  a  tennis  ball  :  the 


'  Tlu'  w«»rk  in  thu«  iK'scrilxtl  in 
HmUtI  ChaiuU-rs's  *  rirtun'  «>1"  Sn>t- 
I:iihI': — '*  O|n»<wito  CoinjiMtiiu  XhvTv 
\H  a  iiia;:niHaiJt  luw  l»ri<lj;i*  uvit  tho 
IVv.  It  onisints  «»!'  a  kiiii^U'  arcli,  tlu' 
H|i;iii  of  \ihich  is  irj  t'dft;  and  it  is 
Imilf  <it"  va.st  ]»l»wkH  of  frii^toni' 
l»p»ujjt  fnmi  tlu'  IsU' of  Arran.  'Vhc 
ciw^t  of  tliiH  Work  wttH  wanewliLTf  aU>ut 
linnyf.  ht<rlin;z;  an«l  it  may  l>t'  nicn- 
tioutil,  to  tlielKinoiirof  tln'Sti'wartry, 
that  tliin  «uin  wiw  rai.Hc«l  liy  \Uv  pri- 
v;it«*  (iintnlmtiMns  of  tlic  L:»ii!lrni»n  *A 
tli«' «listrirt.  Fr<»ni  TonL'n«lan<l  Hill, 
III  tin-  lujinniiat*'  vi<iiiity  of  thr 
ItkI^*  ,  \\\rrv  i>  .1  view  \vr!I  \\«»rtliy  nf 
.1  |<.iiiit«  r's  « yr,  ait«i  wliicli  is  n»»t  in- 
Ji  ri'T  in  U-aiity  aixi  luairnilirt  not'  in 
aii\  III  Sf..!lali«i.  Tlir  .li>taiit  li«»ri/Mii 
1-.  l-'iiii«ii-«l  \>y  tiir  rvi  rl.i.slin.:  <«raii 
■  iii'l  tii<-  iii<>tiiit,iiii>  ••!  Man,  wliirli 
an   Mill    III    till  ir  \\\u>\v  ♦  \t«iit.     TIk' 
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a'ntR»  of  the  picture  in  tccupictl  by 
the  hi^li  ami  ncky  i^himl  of  Little 
Ik'xs,  the  Wfioth*  of  St.  Mary  h  IbIo,  the 
toM'n  of  Kirkcutlbri^ht,  with  \i»  raised 
and  aistellateil  outline,  and  the  wind- 
inp*  of  tl»e  Dee,  which  Hows  to  Uic 
fiH)t  (»f  tlie  eniinena'  U)M>n  which  the 
sjH-ctator  lA  8Upi>n8e<l  to  stand.  On 
llie  left,  the  liay  of  Kirkcudbriglit  and 
tlie  omrseof  the  river  are  Ivmnded  l»y 
a  lon-^j  nm^e  of  wooded  hilU,  for  the 
lieauty  ot  which  we  are  niainly  in- 
dchtdl  to  the  jMtriotic  iinnrovcnientH 
of  I^iusil  lionl  Ihier,  the  eKk^t  hn»ther 
of  the  lat*'  Karl  of  Si'lkirk.  The  ri^^ht 
ot  the  picture,  a;5»iu,  is  tillitl  hy  a 
similar  nniji*'  of  hills,  extending  alon^ 
I  lie  wrst  side  uf  the  Uiv,  and  tur- 
niinatiii.:  in  the  onuuncntt^il  <xroun<ls 
•  •f  t\ini|«(»t4»n,  \^hith  an-  mtu  to  tli«' 
-n-at^-^l  aiUanla^i-  fr«»ni  Ton^u<lilMl 
Hill." 
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IJiidiiv  ;is  if  l)y  ciicliniitinont.  Wc  li;ivt»  tlins  Imilt  :i 
iiijiii'iiifiiTiit  Iniili^'c  ()V(M*  tlie  Si^voru  in  uiip  >o;isnii. 
\vlii<-li  is  HO  coiiti'inptibK*  work  for  Jnliii  Siiu]»H»ii'  ;nitl 
voiir  liniiil»K.'  servant,  iiiniclst  so  iiiniiy  (»tlier  uTCNit  mi- 
ilcrlakiiiu-s.  Joliii  Siinj^soii  is  m  tivasmv — a  in;m  of 
uii^at  talents  an<l  iiitru:rity.  I  met  witli  liiiii  lim*  liy 
clianre,  cniployed  and  reconnnonilu<l  liinu  an<l  he  ]i[\^ 
now  nnder  liis  rlia!\uv  all  tlie  works  of  any  inaji'nitnd*' 
in  tliis  ^'ivat  ami  ricli  district." 

Ain»tlicT  ol'  oin'  i*n^*inoo]''s  early  ston(^  liri<ljL:"(*s,  wliieli 
may  1k»  m<*ntioned  in  tliis  i^laeo,  was  en-cted  l»y  him  in 
ISO."),  over  tjie  rivi-r  Dee  at  I'onjrueland  in  tlie  eonnty 
of  Kirkeudl)i'i«:lit.  It  is  a  ludd  and  |Hctnrest|ne  l»i*id,L:T. 
sitnatecl  in  a  Jovely  locality.  The  river  is  vi'i-y  dee|»  mT 
hiii-h  water  there,  the*   tide  risin*:;  no   less  than  20  leet : 
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friend  of  mine,  and  at  this  moment  a  pupil,  as  it  were, 
anxious  for  information.  This  is  a  noble  object:  the 
field  is  wide,  the  ground  new  and  capable  of  vast  im- 
provement. To  take  up  and  manage  the  water  of  a  fine 
island  is  like  a  fairy  tale,  and,  if  properly  conducted,  it 
would  render  Ireland  truly  a  jewel  among  the  nations."  ' 
It  does  not,  however,  appear  that  Telford  was  ever 
employed  by  the  l>oard  to  carry  out  the  grand  scheme 
which  thus  fired  his  engineering  imagination. 

Mixling  freely  with  men  of  all  elates,  our  engineer 
seems  to  have  made  many  new  friends  and  acquaint- 
ances about  this  time.  Whilst  on  his  journeys  north 
and  soutli,  he  frequently  took  the  opportunity  of  look- 
ing in  upon  the  venerable  James  Watt,  at  his  house 
at  Heathfield,  near  Birmingham, — *'  the  steam-engine 
man  from  Glasgow,  a  great  and  good  man,"  he  terms 
him.  At  London,  he  says,  he  is  "  often  with  old  Brodie 
and  Black,  each  the  first  in  his  profession,  though  they 
walked  up  together  to  the  great  city  on  foot,^  more  than 
half  a  century  ago — Gloria ! "  About  the  same  time 
wo  find  Telford  taking  interest  in  the  projects  of  a 
deserving  person,  named  Holwell,  a  t^oal-master  in 
Staftbrdshire,  and  assisting  him  to  take  out  a  patent  for 
boring  w(X)den  pipes ;  "  he  being  a  person,"  says  Telford, 
''little  known,  and  not  having  capital,  interest,  or  con- 
nections, to  bring  the  matter  forward.  I  have  had  the 
nuK  liinc  at  wT)rk  for  about  a  year,  and  it  answers  the 
purpose  well." 

I  le  also  kept  up  his  literary  friendships  and  preserved 
his  love  for  poeticiil  reading.     At  Shrewsbury,  one  of 


'  Ia'Wvt    to    Mr.   Anilrcw    Little,  and  intrcxluccd  many  improvements 

l-iiitjliolin,  aatotl  LiveriKKjl,  IHh  Sep-  in  iron  work.     He  invented  stoves  for 

tiiuUr,  IKK).  I    chimneyg,   shijis'    hearths,  &c      He 

'  IaHvt    u>    Mr.    An«lnw    Little,  •    ha<l  alxive  a  hundred  men  working  in 

Lin«:hnlin,     (iato*l     Salopian     Coffee  i    his  London  shop,  besides  carrying  on 

HniiHi',  Charinj:  Cntss,  I>»n<lon,  2nth  ^    an  iron  work  at  Coalbrookdale.    He 

F.l.niarv,   171»t).       Mr.    Hrcxlio   was  ,    afterwardsestablished  a  woollen  manu- 

on,:iimllv  a   ]»lackHniitli.     He  was  a  factory  near  Peebles. 
man  of  vn'c-at  in^^oniiity  ami  industry, 
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liis  most  intimate  friends  was  Dr.  Darvvin,  son  of  the 
author  of  the  '  Botanic  Garden.'  At  Liverpool,  he 
made  the  acquaintance  of  Dr.  Currie,  and  was  favoui-ed 
witli  a  sip^lit  of  In's  manuscrij^t  of  the  '  Life  of  Bums,' 
then  in  course  of  puhHcation.  Curiously  enough,  Dr. 
('Urrie  had  found  amongst  Burns's  papers  a  copy  of 
some  verses,  addressed  to  the  poet,  which  Telford  recog- 
nised as  In's  own,  written  many  years  hefore  whilst 
working  as  a  mason  at  Langliolm.  Their  purport  was 
to  m-ge  Bmns  to  devote  himself  to  the  compositi<m  of 
])oems  of  a  serious  character,  sucli  as  the  *  Cotter's 
Satinday  Niglit.'  With  Telford's  permission,  several 
extracts  from  liis  Address  to  Burns  were  ])ul)hshed  in 
1800  in  (hn-rie's  Life  of  ihc  poet.  Another  of  his  Hte- 
rary  fricndsln])s,  formed  about  the  sjune  time,  wjis  tluif 
with  Tliomas  (^iniphell,  then  a  very  yoimg  man,  whos(^ 
*  Pleasures  of  llo])e'  had  just  made  its  ap|M?aranc^. 
Telford,  in  one  of  his  letters,  siiys,  "  I  will  not  leave  a 
stone  miturned  to  try  to  serve  the  author  of  that  chann- 
ing  ])oeni."  In  a  subsequent  comnumication  *  he  sjiys, 
"  The  author  of  the  '  l^lea^ures  of  Hope '  has  been  here 
for  some  time."  I  am  quite  delighted  with  him.  He  is 
the  very  s])irit  of  poetry.  On  Monday  I  introduced  him 
to  the  King's  librarian,  and  I  imagine  some  good  may 
result  to  him  from  the  introduction." 

In  the  midst  of  his  i)lans  of  docks,  canals,  and  bridges, 
he  writes  letters  about  the  peculiarities  of  Goethe's 
poems  and  Kotzcbue's  i)lays,  Buonaparte's  campaign  in 
Egypt,  and  the  merits  of  sundry  new  lKX)k8  recently 
published.  He  confesses,  however,  that  he  has  now 
very  little  leisure  for  reading,  but  has  purchased  the 
'  Encyclopedia  Britjinnica,'  which  he  finds  "  a  perfect 
treasine,  containing  everything,  and  being  always  at 
hand."  He  gives  his  correspondent  an  idea  of  the 
manner  in  which  his  time  is  engrossed.     "A  few  dsiys 

»  l)at<Hl  Ixnulnn,  14th  Ai»ril,  1802. 
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since,  I  attended  a  general  assembly  of  the  canal  pro- 
prietors in  Shropshire.  I  have  to  he  at  Chester  again 
in  a  week,  iij)on  an  arbitration  business  respecting  the 
rebuilding  of  the  county  hall  and  gaol ;  but  previous 
to  that  I  must  visit  LiveriX)ol,  and  after  that  proceed 
into  Worcestersliire.  So  you  see  what  sort  of  a  life  I 
have  of  it.  It  is  something  like  Buonaparte,  when  in 
Italy,  fighting  battles  at  fifty  or  a  hundred  miles  dis- 
tiince  every  other  day.  However,  plenty  of  employ- 
ment is  what  every  professional  man  is  seeking  aft)er, 
and  my  various  occupations  now  require  of  me  great 
exertions,  which  they  certainly  shall  have  so  long  as  life 
and  health  are  spared  to  me."  * 

Amidst  all  his  engjigements,  Telford  found  time  to 
make  ])articular  inquiry  about  many  poor  families 
foiinerly  known  to  him  in  Eskdale,  for  some  of  whom 
be  paid  house-rent,  whilst  he  transmitted  the  means  of 
snp])lying  others  with  coals,  meal,  and  other  necessaries, 
during  the  severe  winter  montlis, — a  practice  which 
be  continued  to  the  close  of  his  life. 


'  Ia-xWt  to  Mr.  Ainlruw  Little,  Laiigholm,  dated  Salop,  30th  November,  1799. 
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CHAPTER    VIII. 

Highland  Koads  and  Bridges. 

Is  our  introduction  to  the  Life  of  Rennie,  we  gave  u 
rapid  survey  of  tlie  Ktate  of  Scotland  about  the  middle 
of  last  century.  We  found  a  country  without  roads,  fields 
lying  uncultivated,  mines  unexplored,  and  all  branches  of 
industry  languishing,  in  the  midst  of  an  idle,  miserable, 
and  haggard  population.  Fifty  years  passed,  and  the 
state  of  the  Lowlands  had  become  completely  changed. 
Roads  had  been  made,  canals  dug,  coal-mines  opened  up, 
iron  works  established  ;  manufiictures  were  extending  in 
all  directions ;  and  Scotch  agi'iculture,  instead  of  being  the 
worst,  was  admitted  to  be  the  best  in  the  island. 

"  1  have  been  perfectly  astonished,"  wrote  Romilly 
from  Stirling,  in  1793,  "at  the  richness  and  high  cul- 
tivation of  all  the  tract  of  this  calumniated  country 
through  which  I  have  passed,  and  which  extends  quite 
from  Edinburgh  to  the  momitains  where  I  now  am.  It 
is  true,  however,  that  almost  everything  which  one  sees 
to  admire  in  the  way  of  cultivation  is  due  to  modem 
improvements;  and  now  and  then  one  observes  a  few 
acres  of  l)ro^^^l  moss,  contrasting  admirably  with  the 
corn-fields  to  which  they  are  contiguous,  and  affording 
a  s])ecimen  of  the  dreariness  and  desolation  which,  only 
half  a  century  ago,  oversi^read  a  country  now  highly 
cultivated  and  become  a  most  copious  source  of  human 
ha|)piness."  ' 

It  must,  however,  be  admitted,  that  the  industrial 
[progress  to  which  we  liave  above  referred  was  coniiued 
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mainly  to  the  Lowlands,  and  had  scarcely  penetrated  the 
mountainous  regions  lying  towards  the  north-west.  The 
nigged  nature  of  that  part  of  the  country  interposed  a 
formitlahle  harrier  to  improvement,  and  the  district  had 
thuK  remained  very  inn>crfectly  o[)ened  up.  The  only 
praeticjible  roads  were  those  which  had  been  made  by 
the  soldiery  after  the  rebellions  of  1715  and  '45,  through 
counties  which  before  had  l)een  inaccessible  except  by 
dangerous  footpaths  across  high  and  rugged  mountains. 
One  was  fonued  along  the  (jreat  Glen  of  Scotland,  in 
the  line  of  the  present  Caledonijux  Canal,  connected 
with  the  Lowlands  by  the  road  through  Glencoe  by 
Tyndrum  down  the  western  banks  of  Loch  Lomond; 
another,  more  northerly,  connected  Fort  Augustus  with 
DunkeM  by  Blair  Athol ;  whilst  a  third,  still  fiirther  to 
tlie  north  and  east,  connected  Fort  George  with  Cupar- 
in-Angus  by  Badenoch  and  Braemsir.  These  roads  were 
alK)ut  eight  hundred  miles  in  extent,  and  maintained  at 
the  public  exiHjnse.  But  they  were  laid  out  for  piu*- 
jM )ses  of  military  (xrcu^mtion  rather  than  for  the  con- 
venience of  the  districts  which  they  traversed.  Hence 
tliey  were  comparatively  little  useil,  and  the  Highlanders, 
in  pansing  from  one  place  to  another,  for  the  most 
[Kirt  continued  to  travel  by  the  old  cattle  tracks  along 
the  mountain  sides.  But  the  iX)pulation  were  so  i)Oor 
and  so  spiritless,  and  industry  was  as  yet  in  so  back- 
wan!  a  state  all  over  the  Highlands,  that  the  want  of 
c(»nnnuni(*ation  was  little  felt.  The  state  of  agricul- 
ture may  l>e  inferred  from  the  fact  that  an  iustruiuout 
e;ille<l  the  cas-crhrom  ' — litendly,  the  "crooked-foot" — 

'  TIk*  oiit-chr^/m  w:im  i\  ruiU*  omi-  wi»rkiiuiir<(Hlu»u1(K*r,an«lbi*iiij^Hlightly 

biiLitmii  tif  a  It'vcr  fnr  the  n'liiovul  i»f  i-lcvuUil,   tlic  |Mitiit,  sIhaI  with  iruu, 

pM  k^,  :i  Hpuii*  to  cut  the  earth,  aii«i  a  wiiM  |»UHhe«l  hito  the  grotiml  hurizuu- 

l«»..t-;.|Mimli  to  turn  it.     We  annex  an  tally;  the  »*i»il  Iwin^  titni<tl  over  \iy 

ilhi>tr.iti<>n  ol  tliis  eiiriouH  ami  now  inrlinin«{  the  luiiitlle  to  the  furrow 
•  •h<...|itf  in.otriinient.    It  W(i;;hnlaUmt   '   nu\v,  at  tla*  Kume  time  uiakiii};  the 

ri^hti-«  11  |HMnhl».     In  Working:  it,  the  heel   iu*t  om  a  ftileniiti   to  niiw.'  Uic 

n|i|ii  r  |art  «•!  thr  iiauMh'.to  \iiurh  the  |>«iiiit  i»f  the  instniiiieiit.     In  ttiniiiig 

irtt  luml    \k.in  applii.^!,    resu'hol   tlie  U|>  un)>nikeu  ;£rutiiitly  it  uuk  Hn»t  tin* 
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the  use  of  which  had  been  forgotten  for  hundreds  of 
years  in  every  other  country  in  Europe,  was  almost  the 
only  tool  employed  in  tillage  in  those  parts  of  the  High- 
lands which  were  separated  by  impassable  roads  from 
the  rest  of  the  United  Kingdom.  The  country  lying  on 
the  west  of  the  Great  Glen  was  absolutely  without  a 
road.  The  native  population  were  by  necessity  peaceful. 
Old  feuds  were  restrained  by  the  strong  arm  of  the  law, 
if  indeed  the  spirit  of  the  clans  had  not  been  completely 
broken  by  the  upshot  of  the  rebellion  of  Forty-five. 
But  the  people  had  not  yet  learnt  to  bend  their  backs, 
like  tlie  Sassenach,  to  the  stubborn  soil,  and  they  sat 
gloomily  by  their  turf-fires  at  home,  or  wandered'  away 
to  settle  in  other  lands  beyond  the  seas.  It  even  began 
to  be  feared  that  the  country  w^ould  become  entirely 
depopulated  ;  and  it  became  a  matter  of  national  concern 
to  devise  methods  of  opening  up  the  district  so  as  to 
developo  its  industry  and  afford  improved  means  of  suste- 
nance for  its  population.  The  poverty  of  the  inhabitants 
rendered  the  attempt  to  construct  roads — even  had  they 
desired  them — beyond  their  scanty  means ;  but  the 
ministry  of  the  day  entertained  tlie  opinion  that  by  con- 
tributing a  certain  proportion  of  the  necessjiry  expense, 
the  proi:)rietors  of  Higliland  estates  might  be  induced  to 
advance  the  remainder ;  and  on  tliis  principle  the  con- 
struction of  the  new  roads  in  those  districts  was  under- 
taken. 


ployctl  with  the  heel  uppermost,  witli 
pushmg  strokes  to  cut  tiio  breadth  of 
the  swanl  to  bo  turned  over;  after 
which,  it  was  used  horizontally  as 
above  describeil.  We  are  imiebted  to 
a  Parliamentary  Blue  Book  for  our 
representation  of  this  interesting  relic 
of  ancient  agriculture.  It  is  given  in 
the  appendix  to  the  *  Ninth  Report  of 
the  Commissioners  for  Highland  Roails 
and  Hriilgos,'  onlerwl  by  the  iluusu  of 
C'onimoiiM  to  lie  printed,  IDtli  AiJriU 
1H21. 
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In  1802  Mr.  Telford  was  called  upon  by  the  Govern- 
ment to  make  a  survey  of  Scotland,  and  report  as  to 
the  measiu-es  which  were  necessary  for  the  improvement 
of  the  roads  and  bridges  of  that  part  of  the  kingdom, 
and  also  on  the  means  of  promoting  the  fisheries  on  the 
east  and  west  coasts,  with  the  object  of  better  opening 
up  the  country  and  preventing  further  extensive  emi- 
gration. Previous  to  this  time  he  had  been  employed 
by  the  British  Fisheries  Society — of  which  his  friend 
Sir  WilHam  Pulteney  was  Governor — to  inspect  the 
liarbours  at  their  several  stations,  and  to  devise  a  plan 
for  tlie  estabhsliment  of  a  fishery  on  the  coast  of  Caith- 
ness, lie  accordingly  made  an  extensive  tour  of  Scot- 
land, examining,  amongst  other  harbours,  that  of 
Annan  ;  from  wliicli  he  proceeded  northward  by  Aber- 
deen to  Wick  and  Thurso,  returning  to  Shrewsbury  by 
Edinljurgh  and  Dumfries.*  He  accumulated  a  large 
mass  of  data  for  liis  report,  wliicli  was  sent  in  to  the 
Fishery  Society,  with  charts  and  plans,  in  the  course  of 
the  following  year. 

In  July,  1802,  he  was  requested  by  the  Lords  of  the 
Treasury,  most  probably  in  consequence  of  the  preceding 
report,  to  make  a  furtlier  survey  of  the  interior  of  the 
Ili^lilands,  the  result  of  which  he  communicated  in  his 
re|M)rt  ])resented  to  ParHament  in  the  following  year. 
Although  full  of  important  local  business,  "kept  run- 
nin^j^/'  as  he  sjiys,  "  from  town  t(3  coimtry,  and  from 
country  to  town,  never  w^hen  awake,  and  perhaps  not 
always  when  asleep,  have  my  Scotch  siu^eys  been 
absc'iit  from  my  mind."     He  had  worked  very  hard  at 


'  He  w.ix  iioeomitnni(Hl  oil  this  tour       the   mlneinlcgiail  Harirt%    Uii;    new 

l»y  <'«»l«»n«l  I>ix«>n,  with  uhom  he  re-  i  nnuK  tbr  iijirftlii;;  of  liino  worka^  tht' 
tiiniMl  to  Ijis  Ijmumc  at  Mount  Annan,  com|Hi  tjfiun  nf  |4rtu.iliinj4  t]*e  ijii- 
ill    hunifrif-s.     'IVIlunl  says  of  him:       jirovin^;    hitrK'tim,    «1-     JMii.iiri.;    «if 

** 'I  lir  <'«>lMn<'l   stfMiH  to  liavc  roUHeil  i    nri<lj;iH,  spu  w«jrkj*  w  :  ik  (hi' 

thf    ri.uMiy   oi     PuuitVicH    fnnu    the       exertj«ii«^  <4  n**  o'ltiin  -Ijft- 

Irlliar-y  in  which  it  luis  shnnlxTtil  tcr  Ut  Mr.  Ainlnw  Litt*i%  *UUx\ 
|..r  •  riituri.>.    'VUr  map  ot  tlieoMUity,       Shrewjihif>%  3*Kh  Knvenibcr^  ittOi, 
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his  report,  and  hoped  that  it  might  be  productive  of 
some  good. 

The  rei)ort  was  duly  presented,  printed,*  and  ap- 
proved, and  it  formed  the  starting-point  of  a  system  of 
legislation  with  reference  to  the  Highlands  which  ex- 
tended over  many  years,  and  had  the  effect  of  completely 
opening  up  that  romantic  but  rugged  district  ofcoimtry, 
and  extending  to  its  inhabitants  the  advantages  of  im- 
proved intercourse  with  the  other  parts  of  the  kingdom. 
Mr.  Telford  pointed  out  that  the  military  roads  which 
had  been  made  there  were  altogether  insufficient,  and 
that  the  use  of  tliem  was  in  many  places  veiy  much 
circumscribed  by  the  want  of  bridges  over  some  of  the 
princii)al  rivers.  For  instance,  the  route  from  Edin- 
burgh to  Inverness,  by  the  Central  Highlands,  was 
seriously  interrupted  at  Dunkeld,  where  the  Tay  is 
broad  and  deep,  and  not  always  easy  to  be  crossed  by 
means  of  a  boat.  The  route  to  the  same  place  by  the 
east  coast  was  in  like  manner  broken  at  Fochabers, 
where  the  rai)id  Spey  could  only  be  crossed  by  a  dan- 
gerous ferry. 

The  difficulties  encountered  by  the  Bar,  in  travelling 
the  north  circuit  about  this  time,  are  well  described  by 
Lord  Cockburn  in  his  'Memorials.'  "Those  who  are 
born  to  modern  travelling,"  he  says,  "  can  scarcely  be 
made  to  luiderstand  how  the  previous  age  got  on.  The 
state  of  the  roads  may  be  judged  of  from  two  or  three 
fact«.  There  was  no  bridge  over  the  Tay  at  Dunkeld, 
or  over  the  Spey  at  Focliabers,  or  over  the  Findhoni  at 
Forres.  Nothing  but  wretched  pierless  ferries,  let  to 
poor  cottars,  who  rowed,  or  liauled,  or  pushed  a  crazy 
boat  across,  or  more  commonly  got  their  wives  to  do  it. 
There  was  no  mail-coach  north  of  Aberdeen  till,  I  think, 
after  the  battle  of  Waterloo.     What  it  must  have  been 


Onlerwl  tu  l>e  printetl  5tli  of  April,  1803. 
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a  few  years  before  my  time  may  be  judged  of  from 
Bozzy's  *  Letter  to  Lord  Braxfield,'  published  in  1780. 
He  thinks  that,  besides  a  carriage  and  his  own  carriage- 
horses,  every  judge  ought  to  have  his  sumpter-horse, 
and  ought  not  to  travel  faster  than  the  waggon  which 
carried  the  baggage  of  the  circuit.  I  understood  from 
Hope  that,  after  1784,  when  he  came  to  the  Bar,  he  and 
Braxfield  rode  a  whole  north  circuit ;  and  that,  from  the 
Findliorn  being  in  a  flood,  they  were  obliged  tO'go  up 
its  banks  for  about  twenty-eight  miles  to  the  bridge  of 
Dulsie  l)efore  they  could  cross.  I  myself  rode  circuits 
when  I  was  Advocate-Dei^ute  between  1807  and  1810. 
The  fashion  of  every  Depute  carrying  his  own  shell  on 
his  back,  in  the  form  of  his  own  carriage,  is  a  piece  of 
very  modem  antiquity."  * 

North  of  Inverness,  matters  were  still  worse,  if  pos- 
sible.  There  was  no  bridge  over  the  Beauley  or  the 
(\)nan.  The  drovers  coming  south  swam  the  rivers 
with  their  cattle.  There  being  no  roads,  there  was  little 
iLse  for  carts.  In  the  whole  county  of  Caithness  there 
was  scjircely  a  fanner  who  owned  a  wheel-cart.  Burdens 
were  conveyed  usually  on  the  backs  of  ponies,  but  quite 
as  often  on  the  l)acks  of  women.*  The  interior  of  the 
comity  of  Sutherland  being  almost  inaccessible,  the  only 
track  lay  along  the  shore,  amongst  rocks  and  sand, 
covered  by  the  sea  at  every  tide.  "The  people  lay 
.scattered  in  inaccessible  straths  and  spots  among  the 
mountains,  where  they  lived  in  family  with  their  pigs 
and  kyloes  (cattle),  in  turf  cabins  of  the  most  miserable 
iluHcii|»tion  ;  they  spoke  only  Gaelic,  and  spent  the  whole 
of  their  time  in  indolence  and  sloth.  Thus  they  had 
<j:one  on  from  fatlier  to  son,  with  little  change,  except 
wliat  the  introduction  of  illicit  distillation  had  wrought, 
and  making  little  or  no  export  from  the  coimtry  beyond 


'    '  Mtiiiorials    n|    liis  Tiiiu/    l»v      of  Sir  John  Sinclair,  Bart./ vol.  i.,  p. 

Ucmy  rM-kiuiriM.]..  a41-:).  "     '   .'^39. 

• '  MiiuMir>  m|  tlic  Lite  iuul  Writiiigh   i 
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the  few  lean  kyloes,  which  paid  the  rent  and  produced 
wherewithal  to  pay  for  tlie  oatmeal  imported."  * 

Telford's  first  recommendation  was,,  that  a  bridge 
should  he  thrown  across  the  Tay  at  Dunkeld,  to  connect 
the  improved  lines  of  road  proposed  to  be  made  on  each 
side  of  the  river.  He  regarded  this  measure  as  of  the 
first  importance  to  the  Central  Highlands ;  and  as  the 
Duke  of  Athol  was  w^illing  to  pay  one-half  of  the  cost  of 
the  erection,  if  the  Government  would  defray  the  other — 
the  bridge  to  be  free  of  toll  after  a  certain  period — it  a})- 
peared  to  the  engineer  that  this  was  a  reasonable  and  just 
mode  of  ])rovidiiig  for  the  contingency.  In  the  next 
place,  he  recommended  a  bridge  over  the  Spey,  which 
drained  a  great  extent  of  mountainous  coimtry,  and, 
being  liable  to  sudden  inundations,  was  very  dangerous 
to  cross.  Yet  this  feriy  formed  the  only  link  of  com- 
nmnication  between  the  whole  of  the  northern  counties. 
The  site  pointed  out  for  the  proposed  bridge  was  ad- 
jacent to  the  to^^^l  of  Fochabers,  and  here  also  the  Duke 
of  Gordon  and  other  comity  gentlemen  were  willing  to 
provide  one-half  the  means  for  its  erection. 

Mr.  Telford  further  described  in  detail  tlie  roads 
necessary  to  be  constructed  in  the  north  and  west  High- 
lands, with  the  object  of  opening  up  the  western  ptirts 
of  the  counties  of  Inverness  and  Ross,  and  affording  a 
ready  communication  from  the  Clyde  to  the  fishing 
lochs  in  the  neighboiu'liood  of  the  Isle  of  Skye.  As  to 
the  means  of  executing  these  improvements,  he  suggested 
that  Government  would  be  justified  in  dealing  with  the 
Highland  roads  and  bridges  as  exceptional  and  extra- 
ordinary works,  and  extending  the  public  aid  towards 
carrying  them  into  effect,  as  but  for  such  assistance  the 
country  must  remain,  perhaps  for  ages  to  come,  imper- 
fectly connected.  His  report  fmther  embnioed  certain 
improvements  in  the  harbours  of  Aberdeen  and  Wick, 

'  KxtrjKl  t»l  a  Utter  iVom  a  ^entluman  rcsulinj^  in  SutlicTLaiui,  quoted  in 
*  Lite  nt  IVUonl,"  ]).  4r»5. 
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and  a  description  of  the  country  through  which  the 
proposed  h'ne  of  the  Caledonian  Canal  would  necessarily 
pass — a  canal  which  had  long  been  the  subject  of  in- 
quiry, but  liad  not  as  yet  emerged  from  a  state  of  mere 
sjieculation. 

The  new  roads  and  l)ridges,  and  other  improvements 
suggested  by  the  engineer,  excited  much  interest  in  the 
north.  The  Highland  Society  voted  him  their  thanks  by 
jvcclamation  ;  the  counties  of  Inverness  and  Ross  followed ; 
and  he  had  letters  of  thanks  and  congratulation  from 
many  of  the  Highland  chiefs.  "  If  they  will  persevere," 
sjiys  he,  "  with  anything  Hke  their  present  zeal,  they  will 
have  tlie  sjitisfaction  of  greatly  improving  a  country  that 
has  1  )een  too  long  neglected.  Things  are  greatly  changed 
now  in  the  Highlands.  Even  were  the  cliiefs  to  quarrel, 
de'il  a  Highlandman  would  stir  for  them.  The  lairds 
have  transferred  their  affections  from  their  people  to 
HcK-ks  of  sheep,  and  the  j)eople  have  lost  their  veneration 
for  the  lairds.  It  seems  to  be  the  natural  progress  of 
8<x*iety ;  but  it  is  not  an  altogether  satisfactory  change. 
TIktc  were  some  fine  features  in  the  former  patriarchal 
state  of  socnety  ;  but  now  clanship  is  gone,  and  chiefs  and 
I»eo])Ie  are  hastening  into  the  opposite  extreme.  This 
st»ems  to  me  to  be  quite  wrong."  * 

In  the  sjune  vear  Telford  was  elected  a  member  of  the 
Royal  Society  of  Edinburgh,  on  which  occasion  he  was 
proiK)se<l  and  su])j>orted  by  three  professors;  so  that  the 
former  Edinburgh  mason  was  rising  in  the  world  and 
rt'ceiving  due  honour  in  his  own  country.  The  effect  of 
his  re|)ort  was  such,  that  in  the  session  of  1803  a  Parlia- 
mentary Connnission  was  appointed,  imder  whose  direc- 
tion a  series  of  practical  improvements  was  commenced, 
which  issue<l  in  the  construction  of  not  less  than  920 
additional  miles  of  roads  and  bridges  throughout  the 
Highlands,  one-half  of  the  cost  of  which  was  defrayed  by 

'  I^tt.r  t4.  Mr.  Afulnw  Little,  ljiii<;liolin,  «iat«a  Salop,  18th  Febnmry,  1803. 
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tlie  Goveniraent  and  the  other  half  by  local  assessment. 
But  in  addition  to  these  main  lines  of  communication, 
numl^erleas  county  roads  were  formed  by  statute  labour, 
under  local  road  Acts  and  by  other  means;  the  land- 
owners of  Sutherland  alone  having  formed  nearly  300 
miles  of  district  roads  at  their  own  cost. 

By  the  end  of  the  session  of  1803  Telford  received  his 
instructions  from  Mr.  Vansittart  as  to  the  survey  he  was 
forthwith  to  enter  upon,  with  a  view  to  conunencing 
pnicticjil  oj)erations ;  and  he  again  proceeded  to  the  High- 
lands to  lay  out  the  roads  and  plan  the  bridges  which 
were  most  urgently  needed.  The  district  of  the  Solway 
was,  at  his  representation,  included,  with  the  object  of 
improving  the  road  from  Carlisle  to  Portpatrick — the 
nearest  point  at  which  Great  Britain  meets  the  Irish 
coast,  and  w^here  the  sea  passage  forms  only  a  sort  of 
wide  ferry. 

It  would  occupy  too  much  space,  and  indeed  it  is  alto- 
gether unnecessary^  to  describe  in  detail  the  operations 
of  the  Commission  and  of  their  engineer  in  opening  up 
tlic  communicjitions  of  the  Highlands.  Suffice  it  to  say, 
that  one  of  the  first  things  taken  in  hand  was  the  con- 
ni'ction  of  the  new  lines  of  road  by  means  of  bridges  at 
the  more  important  points;  such  as  at  Dunkeld  over  the 
Tay,  and  near  I)ing\v{ill  over  the  Conan  and  Orrin. 
That  at  Dunkeld  was  the  most  important,  as  being  the 
]M)rtaI  to  tlie  Central  Highlands;  and  <at  the  second 
nitHtin^of  the  Connnissioners  Mr.  Telford  submitted  his 
plan  and  estimates  of  the  pro[K)sed  bridge.  In  conse- 
<iuence  of  some  difterence  with  the  Duke  of  Athol  as 
to  his  share  of  the  exjKinse — which  proved  to  be  greater 
than  he  had  taken  into  account — some  delay  occurred  in 
tht*  muiniencement  of  the  work;  but  at  length  it  was 
fairly  K'gun,  and  after  being  three  years  in  hand  the 
structure  was  finished  and  0})ened  for  traffic  in  1809. 

Tla*  bridge  is  a  handsome  one  of  five  river  and  two 
land  arches.     The  s|){in  of  tlie  centre  arch  is  90  feet, 
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of  tlic  two  fidjoiTiiiip^  it  84  feet,  and  of  the  two  side 
arelics  74  feet ;  affording:  a  clear  waterway  of  44(5  feet. 
The  total  breadth  of  the  roadway  and  footpaths  is  28  fcHit 
0  inclies.  The  cost  of  the  structure  was  about  14,000/., 
one-half  of  w^hieh  was  defrayed  by  the  Duke  of  Athol. 
It  forms  a  fine  feature  in  a  landscape  not  often  sur- 
passed, presenting  within  a  comparatively  small  compiss 
a  great  variety  of  character  and  beauty. 


[  y 
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The  commiuiication  by  road  north  of  Inverness  w^a« 
also  |)erfoct(Ml  by  the  construction  of  a  bridge  of  five  arclies 
over  the  lk»auley,  and  another  of  the  sjime  nimiber  over 
the  Conan,  the  central  arch  being  05  feet  span;  and  the 
formerly  wretched  bit  of  road  between  these  jx)intfi  liaving 
been  put  in  good  rei>air,  the  town  of  Dingwall  wastliere- 
upon  lendercd  easily  approachable  from  the  south.  At 
the  KUiie  time  a  boginin'ng  was  made  with  the  constriKv 
tion  of  new  roads  through  the  districts  most  in  need  of 
Ihem.     The  first  <'onfra(,'kMl  for  was  tlie  liOcli-na-(iaul 
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road,  from  Fort  WilHaiii  to  Arasaig,  on  the  western  coast, 
nearly  oi)i)o«ite  the  island  of  Egg.  Another  was  hegun 
from  Loc'h  Oicli,  on  the  line  of  the  Caledonian  Canal, 
acroHrt  the  middle  of  the  Highlands,  through  Glengarry, 
to  Loi-li  Ilourn  on  the  western  sea.  Otlier  roads  were 
oj)ened  north  and  south  ;  through  Morvem  to  Loch  Moi- 
dart ;  through  Glen  Morrison  and  Glen  Sheil,  and  through 
the*  entire  Isle  of  Skye;  from  Dingwall,  eastward,  to  Loeh- 
carron  and  Lcx;h  Torridon,  quite  through  the  county  of 
]{oss ;  and  from  Dingwall,  northward,  through  the  county 
of  Sutherland  as  far  as  Tongue  on  the  Pentland  Frith ; 
whilst  another  line,  striking  off  at  the  head  of  the  Dornoch 
Frith,  pnx'eeded  along  the  coast  in  a  north-easterly  direc- 
tion to  Wick  and  Thurso,  in  the  immediate  neighbourhood 
of  John  o'  Groats.  There  were  numerous  other  subordi- 
nate lines,  which  it  is  unnecessary  to  sjiecify  in  detail; 
but  some  idea  may  be  formed  of  their  extent,  as  well  as 
of  the  rugged  diameter  of  the  country  through  which 
tliev  wei-e  carried,  when  we  state  that  thev  involved  tile 
construction  of  no  fewer  than  twelve  hmidred  bridges. 
Several  iiiiiH)rtant  bridges  were  also  erected  at  other 
]M)ints  to  connect  existing  roads,  such  as  those  at  Ballater 
and  Potarch  over  the  Dee ;  at  Alford  over  the  Don ;  and 
at  (Vaig-Ellachie  over  the  Si)ey. 

The  last-named  bridge  is  a  remarkably  elegant  struc- 
tuiv,  thrown  over  the  Sjwy  at  a  jwint  where  the  river, 
rushing  obliijuely  against  the  lofty  rock  of  Craig-Ellachie,* 
has  forme<l  for  itself  a  deep  channel  not  exceeding  fifty 
vards  in  breadth.  Oiilv  a  few  vears  before,  there  had  not 
U-en  any  provision  for  crossing  this  river  at  its  lower 
jwirts ex<(»pt  the  verj' (huigerous  ferry  at  Fochabers.  The 
Duke  of  Gordon  had,  however,  erected  a  suH})ension  bridge 
at   that   t<»wii,  and   the   inconvenience  was   in  a  great 

•  Till'  iijiiiM's  nt   (Mtk-  phioT*  an-  tin-  lake  of  muts;   IMknockan^  the 

hi;:hly  .l«'^ri|.ti\v.   Tliiis  rmuj-Elh-  i«.wiinf  kiiolU  ;  /Ai/ii«*f«/jr,  tlie  hunt- 

fhtr  lit.  rally  iihsuih,  X\\v  nuk  i»l  wui-  iii;^  ilalr ;    AlCn   dater^  the  burn  of 

r.i!i..ii;   /iii'itwxli^  l»u>liy  t»r  \ii««ly  ;  thf  lM»rii-hU»wiT;  aikl  hu  uu. 
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measure  removed.  Its  utility  was  so  generally  felt,  that 
the  demand  arose  for  a  seeond  bridge  across  the  river ; 
for  there  was  not  another  by  which  it  could  be  crossed 
for  a  distance  of  nearly  fifty  miles  up  Strath  Spey.  It 
was  a  (UfBcult  stream  to  span  by  a  bridge  at  any  place, 
in  consequence  of  the  violence  with  which  the  floods 
descended  at  particular  seasons.  Sometimes,  even  in 
summer,  wdien  not  a  drop  of  rain  had  fallen,  the  flood 
would  come  down  the  Strath  in  great  fury,  sweeping 
everytln'ng  before  it ;  this  remarkable  phenomenon  being 
accounted  for  by  the  i)re  valence  of  a  strong  south-westerly 
wind,  whicli  blew  the  loch  waters  from  tlieir  beds  into  the 
Strath,  and  thus  suddenly  filled  the  valley  of  the  Spey.* 
The  sjime  phenomenon,  similarly  caused,  is  also  fi-equently 
observed  in  the  neighbouring  river,  the  Findhom,  coopeil 
up  in  its  deej)  rocky  bed,  where  the  water  sometimes 
comes  down  in  a  w^ve  six  feet  lugh,  like  a  liquid  wall, 
sweeping  everything  l)efore  it.  To  meet  such  a  con- 
tingency, it  was  deemed  necessjiry  to  provide  abundant 
waterway,  and  to  build  a  bridge  offering  as  little  resist- 
ance as  possible  to  the  passage  of  the  Highland  floods. 
Telford  accordingly  designed  for  the  passage  of  the  river 
at  Craig-Ellachie  a  light  cast  iron  arch  of  150  feet  span, 
with  a  rise  of  20  feet,  the  arch  being  composed  of  four 
ribs,  each  consisting  of  two  concentric  arcs  forming 
panels,  which  are  filled  in  with  diagonal  bars.  The 
roadway  is  15  feet  \vide,  and  is  formed  of  another  arc  of 
greater  radius,  attached  to  which  is  the  iron  railing;  the 
sjxmdrels  being  filled  by  diagonal  ties,  forming  trellis- 
work.  Mr.  Ilobert  Stephenson  took  objection  to  tlie  t^vo 
dissimiliir  arches,  as  liable  to  subject  the  structure,  from 
variations  of  tenqxirature,  to  very  imequal  strains.  Never- 
theless this  b]i<lge,  as  well  as  many  others  constructed 
by  Mr.  Telford  after  a  similar  plan,  has  stood  perfectly 

'    Sir    Tlioiiiius    Dick    Lamlcr  has   I    IiIh  ca[)ital  book  on  the  *M4»aytthin.* 

vividly  (IcfH-rilHtl  the  (U'striictivf  clia-    I    FhMxls.' 
lactiT  »)f  tJR'  SjH.'y-si«le  inuiulatiuns  in    ■ 
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well,  and  to  this  day  remains  a  very  serviceable  structure. 
Its  appearance  is  liiglily  picturesque.  The  scattered  pines 
and  beech  trees  on  tlie  side  of  the  impending  moun- 
tain, the  meadows  along  the  valley  of  the  Spey,  and  the 
western  approach  road  to  the  bridge  cut  deeply  into  the 
face  of  the  rock,  combine,  with  the  slender  appearance 
of  the  iron  arch,  in  rendering  this  spot  one  of  the  most 
remarkable  in  Scotland.* 


All  iron  bridge  of  a  similar  span  to  tliat  at  Craig- 
hJlhuhie  had  previously  l>cen  constructed  acroes  the 
head  of  tlie  Dornoch  Frith  at  Bonar,  near  the  point 
where  the  waters  of  the  Shin  join  the  sea.  The  very 
sc'vere  trial  which  this  structure  sustained  from  the 
treiiieiidons  blow  of  an  irregular  mass  of  fir-tree  logs, 

'  'iH|«*rt  nt    tlie  ('niiiiiiiHhiuiKTB  on  Highland  Huadu  oud   Bridges.*     Ap- 
1^  ii.lix  to  *  Life  of  IVIfonl/  p.  400. 
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consolidated  l)y  ice,  as  well  as,  shortly  after,  from  the  blow 
of  a  scliooiier  which  drifted  against  it  on  the  opposite 
side,  and  liad  her  two  niast«  knocked  off  by  the  collision, 
gave  him  every  confidence  in  the  strength  of  this  form 
of  construction,  and  lie  accordingly  repeated  it  in  several 
of  his  subsequent  bridges,  though  none  of  them  are  com- 
parable in  beauty  with  that  of  Craig-Ellachie. 

Thus,  in  the  course  of  eighteen  years,  920  miles  of 
capital  roads,  connected  together  by  no  fewer  than  1200 
bridges,  were  added  to  the  road  communications  of  the 
Higldands,  at  an  expense  defi^ayed  partly  by  the  localities 
innnediately  benefited,  and  partly  by  the  nation.  The 
eflects  of  these  twenty  years'  operations  w^ere  such  as 
follow  the  making  of  roads  everywhere — development 
of  industry  and  uicrease  of  civilization.  In  no  districts 
were  the  benefits  derived  from  them  more  marked  than 
in  the  remote  northern  counties  of  Sutherland  and 
Caitlmess.  The  first  stage-coaches  that  ran  northward 
from  Perth  to  Inverness  were  ti'ied  in  1806,  and  became 
regularly  established  hi  1811;  and  by  the  year  1820 
no  fewer  than  forty  arrived  at  the  latter  town  in  the 
course  of  every  week,  and  the  same  number  departed 
from  it.  Others  were  estabhshed  in  various  directions 
through  the  Highlands,  which  became  as  accessible  as 
any  English  county. 

Agriculture  made  rapid  progress.  The  use  of  carts 
became  practicable,  and  manure  was  no  longer  carried 
to  the  field  on  women's  backs.  Sloth  and  idleness 
disappeared  before  the  energy,  activity,  and  industry 
w^hicli  w^ere  called  into  life  by  the  improved  com- 
munications; better  built  cottages  took  the  place  of 
the  old  mud  biggins  wHitli  a  hole  in  the  roof  to  let 
out  the  smoke;  the  pigs  and  cattle  were  treated  to  a 
se])aratc  table ;  the  dunghill  wiis  turned  to  the  outside 
of  the  house ;  tiirtan  tatters  gave  place  to  the  produce 
of  Manchester  and  Glasgow  looms ;  and  very  soon  few 
young  persons  were  to  l)e  found  who  could  not  both 
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read  and  write  English.  But  not  less  remarkable  were 
the  effects  of  the  road-making  upon  the  industrial  habits 
of  the  people.  Before  Telford  went  into  the  Highlands, 
they  did  not  know  how  to  work,  having  never  been 
accustomed  to  labour  continuously  and  systematically. 
Telford  himself  thus  describes  the  moral  influences  of  his 
Highland  contracts  : — "  In  these  works,"  says  he,  "  and 
in  the  Caledonian  Canal,  al)out  three  thousand  two 
hundred  men  have  been  annually  employed.  At  first, 
they  could  scarcely  work  at  all ;  they  were  totally  unac- 
quainted with  labour;  they  could  not  use  the  tools. 
They  have  since  become  excellent  labourers,  and  of 
the  above  number  we  consider  about  one-fourth  left  us 
annually,  taught  to  work.  These  undertakings  may, 
indeed,  l)e  regarded  in  the  light  of  a  working  academy, 
from  which  eight  hundred  men  have  annually  gone 
forth  improved  workmen.  They  have  either  returned 
to  their  native  districts  with  the  advantage  of  having 
used  the  most  jx^rfect  sort  of  tools  and  utensils  (which 
alone  cannot  be  estimated  at  less  than  ten  per  cent,  on 
any  sort  of  lal)our),  or  tliey  have  been  usefully  distri- 
buted through  the  other  parts  of  the  country.  Since 
thos(^  roads  were  made  accessible,  wheelwrights  and 
rartwrights  liave  l)een  established,  the  plough  has  been 
introihuxMl,  and  im])roved  tools  and  utensils  are  gene- 
rally used.  The  plough  was  not  previously  employed; 
in  the  interior  and  mountainous  parts  they  used  crooked 
sticks,  with  iron  on  them,  drawn  or  pushed  along.  The 
moral  habits  of  the  great  masnes  of  the  working  classes 
arc  <hangiMl ;  they  see  that  they  may  depend  on  their 
own  exertions  for  support :  this  goes  on  silently,  and  is 
Marcely  i>eneived  until  apparent  by  the  residts.  I  con- 
sider these  improvements  among  the  greatest  blessings 
ever  conferred  on  any  country'.  About  two  hundred 
thousjiiid  jM)un<ls  has  l)een  granted  in  fifteen  years.  It 
has  been  the  means  of  advancing  the  country  at  least  a 
<'enturv/' 
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CHAPTER    IX. 

Telford's  Scotch  Harbours. 

No  sooner  were  the  ITiglilaiid  roads  and  bridges  in 
progress  than  attention  was  directed  to  the  improve- 
ment of  tlie  harbours  around  the  coast.  Very  little 
had  as  yet  been  done  for  them  beyond  w^hat  nature 
had  effected.  Happily,  there  was  a  public  fund  at  dis- 
posal— the  accumulation  of  rents  and  profits  derived 
from  the  estates  forfeited  in  consequence  of  the  rel>ellion 
of  1745 — which  was  available  for  the  purpose.  Tlie  sup- 
pression of  the  rebellion  produced  good  in  many  ways. 
It  broke  the  feudal  spirit,  which  had  lingered  in  the 
Highlands  long  after  it  had  ceased  in .  every  other  part 
of  Britain ;  it  led  to  the  effectual  opening  up  of  the 
coimtry  by  a  system  of  good  roads ;  and  now  the  accu- 
mulated rents  of  the  defeated  Jacobite  chiefs  were  about 
to  be  applied  to  the  improvement  of  the  Highland 
harbours  for  the  benefit  of  the  industrial  population. 

The  harbour  of  Wick  was  one  of  the  first  to  which 
Mr.  Telford's  attention  was  directed.  It  will  be  re- 
membered that  Mr.  Rennie  had  reported  on  the  subject 
of  its  improvement  as  early  as  the  year  1793,  and  his 
plans  were  not  adopted  only  because  tlieir  execution  was 
beyond  the  means  of  the  locality  at  that  time.  The  place 
had  now,  however,  become  of  increased  importance. 
It  was  largely  frequented  by  Dutch  fishermen  during 
the  herring  season ;  and  it  was  lioped  that,  if  they  could 
be  induced  to  form  a  settlement  there  by  improving  the 
accommodation  of  the  harbour,  their  example  might 
exercise  a  beneficial  influence  upon  the  population  gene- 
rally.    Mr.  Telford  reported  that,  by  the  expenditure 
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of  about  5890/.,  a  capacious  and  well-protected  tide- 
l)a8in  might  be  formed,  capable  of  containing  about  two 
limidred  herring-busses.  The  Commission  adopted  his 
plan,  and  vote<l  the  requisite  funds  for  carrying  out  the 
works,  which  were  begun  in  1808.  The  new  station  was 
named  Pulteney  To^vn,  in  compliment  to  Sir  William 
Pulteney,  the  Governor  of  the  Fishery  Society;  and 
the  harbour  was  built  at  a  cost  of  about  12,000/.,  of 
which  8500/.  was  granted  from  the  balance  of  forfeited 
estates.  A  handsome  stone  bridge,  erected  over  the  river 
Wick  in  1805,  after  the  design  of  our  engineer,  con- 
nects these  improvements  with  the  older  town  :  it  is 
formed  of  three  arches,  having  a  clear  waterway  of  156 
feet.  The  money  was  well  expended,  as  the  result 
proved;  and  Wick  is  now,  we  believe,  the  greatest 
fishing  station  in  the  world.  The  place  has  increased 
from  the  dimensions  of  a  little  poverty-stricken  village 
to  those  of  a  large  and  thriving  town,  which  swarms 
during  the  fishing  season  with  lowland  Scotchmen,  fair 
Northmen,  broad-lmilt  Dutchmen,  and  kilted  High- 
landers. The  bay  is  then  frecpiented  by  upwards  of 
a  thousiuiil  fisliing  boats,  and  the  take  of  herrings  in 
some  years  amounts  to  more  than  a  hmidred  thousand 
l>arrcis.  The  harbour  has  of  late  years  been  eon- 
sidciabiy  imi)rove<l  to  meet  the  growing  requirements 
nf  the  herring  trade,  the  principal  additions  having  been 
carriiMl  out,  in  182.5,  l)y  Mr.  Bremner,*  a  native  engineer 
of  great  al)iHty. 

'   lluuli    Millar,   in    lii.s   *Crui.«H'  of  work  i*  «liU  lii  b:  v-      .^  ii'    iitImL 

t)if  IWtsy/ attrihiitcit  tlu*  invention  of  Thenx^^t  ioUd  lBOli«                      %Xtmv 

(-••luiniuir  pier- work  to  Mr.  BR'mner,  ou  lan«l  i»  io  Ibl  ISOUi'      .  '    '  u^  "['i} 

wlmin    111*   trnnH    **  the    Brindley   of  {>ier    Work    tlte     ttfttam    pr&xm    m 

SMttan<l.'*      He   iuu»    acviuinil   ^'at  adopte<i.      Thtt   btodoi  wm    Ittkl    o(i 

i.iuw  for  luM  Hkill  in  ruiHing  sunken  end   ii»  n>liiiii]iA,  tikir  ti|irig|iii  Imfm 

sliijis,  having  wariied  the  Great  liri-  jammc^l    IcfQcitiuYr.      lliu*    bid,   tiu^ 

^il/<  Kt4^ani<T  ofT  the  Khores  of  Dun-  wave  Mliirh  i(a*liei  iffliimt  tlwaii  i* 

<inini     \\i\\'.      But    we    lielieve    Mr.  l>rokeD,  ah<l  i»ft*iiik  tlwu  iQi  tbe  lBl«r» 

'lVlli.nl   hiul  ailoptocl   the  nractioe  of  stiocs;  i*tw  frjui,  if  if  i,tnrlltii0  Itw^l 

(Mluinnar  pii-r-work  Icfore  Mr.  Brem-  aulid  t.livk^,  \\w  t*i4*t»nji.y  irottbl  hi 

iM  r.  111   lonnin;:  the  little  harU»ur  of  to  lift  tWiti  {mm   thor  \tA9t  ftUfl  trt 

lolketitoiie,  huilt  in   IHUH,  where  the  the    Work    iiJl»Jiit;    mmI    m   n   tok»UJi 
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Improvements  of  a  similar  kind  were  carried  out  by 
the  P'isliery  Board  at  various  other  parts  of  the  coast, 
and  many  snug  and  convenient  harbours  were  provided 
at  the  principal  fishing  stations  in  the  Highlands  and 
Western  Islands.  Where  the  local  proprietors  were 
themselves  fomid  actively  at  work  expending  money  in 
carrying  out  piers  and  harbours,  the  Board  assisted  them 
with  grants  to  enable  them  to  complete  the  works  in  the 
most  sul)stantial  manner  and  after  the  most  approved 
plans.  Thus,  along  that  part  of  the  bold  northern  coast 
of  the  mainland  of  Scotland  which  projects  into  the 
German  Ocean,  many  old  harbours  were  improved  or 
new  ones  constructed — as  at  Peterhead,  Frazerburgh, 
Banff*,  Cullen,  Burgh  Head,  and  Nairn.  At  Fortrose,  in  the 
Murray  Frith ;  at  Dingwall,  in  the  Cromarty  Frith ;  at 
Portmaholmac,  within  Tarbet  Ness,  the  remarkable  head- 
land of  the  Frith  of  Dornoch ;  at  Kirkwall,  the  principal 
town  and  place  of  resort  in  the  Orkney  Islands,  so  well 
kno\VTL  from  Sir  Walter  Scott's  description  of  it  in  the 
'  Pirate  f  at  Tobermory,  in  the  island  of  Mull ;  and  at 
other  points  of  the  coast,  piers  were  erected  and  other 


storm  siKrh   blocks  would  be  driven    '   tion;  whereaa  Uiese  broken,  upright, 
alH)iit  almost  like  pebbles.      'Die  re-    |   columnar-looking  piers  seem  to  al>- 

sorb  the  fury  of  the  sea,  and  render  its 
wildest  waves  comisirativelyinniX'nous. 


1k)uii(1  from  flat  surfaces  is  also  very 
heavy,  and  ])r<.Kliices  violent  commo- 


•  .»if^  ***.---■'-. 


-t  /^fcri-Aat..j(^.  .rtJESS 


.;I.KI-. -ID.'.V:   I-.\t:b-iUH      [Uy  KeiriTOl  BkelUiii] 


C'HAP.  IX.  PETERHEAD  HARBOUR.  393 

improvements  ctirried  out  to  suit  the  convenience  of  the 
growings  traffic  and  trade  of  the  coimtry. 

Tlie  principal  works  were  those  connected  witli  the 
liarhours  situated  ui)on  the  line  of  coast  extending  from 
the  harlKiur  of  Peterhead,  in  the  coxmty  of  Aber- 
<lecii,  round  to  the  head  of  the  Murray  Frith.  Tlie 
shores  there  are  exposed  to  tlie  full  force  of  the  seas 
rolHng  in  from  the  Northern  Ocean;  and  safe  harbours 
were  es|>ecially  necessary  for  the  protection  of  the 
shippinfjf  juissinpf  from  north  to  south.  Wrecks  had 
l»ecoine  increasingly  frequent,  and  harbours  of  refuge 
were  loudly  calle<l  for.  At  one  part  of  the  coast  as 
many  as  thirty  wrecks  had  occurred  within  a  very 
short  time,  chieflv  for  want  of  shelter.  The  situation 
of  Peterhead  was  j)eculiarly  well  adapted  for  a  haven 
of  refu«j:e,  and  the  improvement  of  its  |x)rt  was  early 
n»gar<led  as  a  nuitter  of  national  importance.  Not  far 
from  it,  on  the  south,  are  the  famous  Bullars  or  Boilers 
of  Buchan — bold  rugged  rocks,  s<mie  200  feet  high, 
against  which  the  sea  l)eats  with  great  fury,  boiling  and 
<hurning  in  the  deep  caves  and  recesses  with  which  tliey 
are  i)erforated.  Peterhead  stands  on  the  most  easterly 
part  of  the  entire  mainland  of  Scotland,  the  town  stand- 
ing on  the  north-east  side  of  the  l)ay,  and  l>eing  connected 
with  the  country  on  the  north-west  by  an  isthmus  only 
bOO  yards  in  brea<Uh.  In  Cromwell's  time  the  jiort  pos- 
sessed no  more  than  twenty  tons  of  IkmU  tonnage,  and  its 
only  harlM)ur  was  a  small  basin  dug  out  of  the  rock. 
Even  downi  to  the  close  of  the  sixteenth  century  the 
place  was  but  an  insignifirant  fishing  village.  It  is  now 
a  town  bustling  with  tnule,  having  long  l)een  tlie  prin- 
cijuil  si»at  of  the  whale  fishery,  1500  men  of  the  port 
l^eing  engjiged  in  that  pursuit  alone;  and  it  sends  out 
ships  of  its  own  building  to  all  jmrts  of  the  world,  its 
han<lsome  and  conuurKlious  harbours  being  accessible  at 
all  winds  to  vessels  of  almost  the  largest  burden. 

It  mav  \n\   mentioned  that  about  sixty  years  since 
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the  ])()rt  WHS  forined  by  the  island  called  Keith  Island, 
situate<l  a  small  distance  eastward  from  the  shore,  l>e- 
fween  which  and  the  mainland  an  ami  of  the  sea  for- 
merly ])assed.  A  causeway  had,  liowever,  l)ecn  formed 
across  this  channel,  thus  dividing  it  into  two  small  bays ; 
after  which  the  southern  one  had  been  converted  into 
a  harbour  by  means  of  two  rude  piers  erected  alonj::: 
either  side  of  it.  Tlie  north  inlet  remained  without  any 
pier,  and  Ijcing  very  inconvenient  and  exposed  to  the 
north-easterly  winds,  it  was  little  used. 

The  tiist  works  carried  out  at  Peterhead  were  of  a 
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comparatively  limited  character,  the  old  piers  of  the 
south  harbour  having  been  built  by  Smeaton ;  but  im- 
provements proceeded  apace  with  the  enterprise  and 
wealth  of  the  inhabitants.  Mr.  Rennie,  and  after  him 
Mr.  Telford,  fully  reported  as  to  the  capabilities  of  the 
port  and  the  best  means  of  improving  it.  Mr.  Rennie 
recommended  the  deepening  of  the  south  harbour  and 
the  extension  of  the  jetty  of  the  west  pier,  at  the  same 
time  cutting  off  all  projections  of  rock  from  Keith 
Island   on  the   eastward,   so   as   to   render   the   access 


nn)re  easy.  The  harbour,  when  thus  finisli«  tK  wtJiiM,  hr 
estimated,  give  about  17  feet  depth  at  lii^h  water  of 
s[)ring  tides,  lie  also  pro|X)sed  to  open  a  txnumuniaa- 
tion  a<*n)ss  tlie  causeway  l)etween  the  north  iiiid  Knuth 
harljours,  and  form  a  wet  dock  between  flieiu,  oHO  feet 
long  and  22.")  feet  wide,  the  water  bein;^  kept  in  by 
gjiti's  at  each  end.  He  further  proposed  tu  jinivide  an 
entirely  new  harlK)ur,  by  constructing  tvvn  ext4-*u*iive 
piers  for  the  effectual  protection  of  the  iiortlieni  j»sirt 
of  the  <hannel,  running  out  one  from  a  ntck  nortti  ol 
the   (inn^n    Island,   alnnit   080   feet   long,   and   ariitthi^r 
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from  tlie  Roau  Head,  450  feet  long,  leaving  an  opening 
between  tliem  of  70  yards.  This  sagacious  design  lui- 
happily  could  not  be  eaiTied  out  at  the  time  for  want 
of  ftmds ;  but  it  maybe  sjiid  to  have  formed  the  groiuid- 
work  of  all  that  has  been  subsequently  done  for  the 
improvement  of  the  port  of  Peterhead. 

It  was  resolved,  in  the  first  [)lace,  to  commence  oj)era- 
tions  by  improving  the  soutli  harbour,  and  protecting  it 
more  securely  from  south-easterly  winds.  The  bottom 
of  the  liarbour  was  accordingly  deepened  by  cutting 
out  30,000  cubic  yards  of  rocky  gromid;  and  part  of 
Mr.  Rcnnie's  design  was  carried  out  by  extending  the 
jetty  of  the  west  pier,  tliough  only  for  a  distance  of 
twenty  yards.  These  works  were  executed  under  Mr. 
Telford's  directions ;  they  were  completed  by  the  end  of 
the  year  1811,  and  ])roved  to  be  of  very  great  public 
convenience.  The  trade  of  the  town,  however,  so  much 
increased,  and  the  port  was  found  of  so  gi*eat  importiince 
as  a  ])lace  of  refuge  for  vessels  frequenting  the  north 
seas,  that  in  18 IG  it  was  determined  to  proceed  with  the 
formation  of  a  harbour  on  the  northern  part  of  the  old 
cliannel ;  and  the  inhabitants  having  agreed  amongst 
themselves  to  contribute  to  the  extent  of  10,000/.  towards 
cairying  out  the  necessary  works,  they  applied  for  the 
grant  of  a  like  smn  from  the  Forfeited  Estates  Fimd, 
whicli  was  eventually  voted  for  the  purpose.  The  plan 
adoi)ted  was  on  a  more  limited  scale  than  that  proposed 
by  Mr.  Rennie ;  but  in  the  sjime  direction  and  contrived 
wit) I  the  same  ol)ject — so  that,  when  completed,  vessels 
of  the  largest  burden  employed  in  the  Greenland  fishery 
miglit  be  able  to  enter  one  or  other  of  the  two  harbours 
and  find  safe  shelter,  from  whatever  quarter  the  wind 
miglit  blow. 

The  works  were  vigorously  proceeded  with,  and  had 
made  considerable  progress,  when,  in  October,  1819,  a 
violent  hurricane  from  the  north-etust,  which  raged  along 
the  coast  for  days  and  inflicted  heavy  damage  on  many 
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of  the  northern  harbours,  destroyed  a  large  part  of  the 
unfinislied  masonry  and  hurled  the  heaviest  blocks  into 
the  sea,  tossing  them  about  as  if  they  had  been  pebbles. 
The  finished  work  had,  however,  stood  well,  and  the 
foinidations  of  the  piers  under  low  water  were  ascertained 
to  have  remained  comparatively  uninjured.  There  was 
no  help  for  it  but  to  repair  the  damaged  work,  though 
it  involved  a  heavv  additional  cost,  one-half  of  which 
was  borne  by  the  Forfeited  Estates  Fund  and  the  re- 
mainder by  the  inhabitants.  Increased  strength  was 
also  given  to  the  more  exposed  parts  of  the  pierwork, 
and  the  slo])e  at  tlie  sea  side  of  the  breakwater  was 
considerably  extended.^  These  alterations  in  the  design 
were  rarried  out,  together  with  a  spacious  graving-dock, 
as  sliown  in  the  preceding  plan,  and  they  proved  com- 
pletely successful,  enabling  Peterhead  to  oflFer  an  amount 
of  acconnnodation  for  shipping  of  a  more  effectual  kind 
than  was  at  that  time  to  be  met  with  along  the  whole 
eastern  coast  of  Scotland. 

The  old  harbour  of  Fnizerburgh,  situated  on  a  pro- 
jeeting  ]>()int  of  the  coast  at  the  foot  of  Momit  Kennaird, 
about  twenty  miles  north  of  Peterhead,  had  become  so 
ruinous  tliat  vessels  lying  within  it  received  almost  aa 
little  shelter  as  if  they  had  been  expos*  <1  \n  the  uja^i  ma, 
Mr.  Hennie  had  ])repared  a  plan  fur  its  inijjroveincnt  liy 
running  out  a  substantial  north-eastnii  pier;  and  tim  wh« 
eventuallv  carried  out  by  Mr.  Telford  in  a  modified  fonn, 
proving  of  substantial  service  to  iht*  tni<ie  of  the  jwjrt. 
Since  then  a  large  and  commodi*His  new  liarboiu*  Imu 
been  foiined  at  the  place,  j)artly  iit  the  {lublie  exjH'nt*© 
and  partly  at  that  of  the  inhabitants,  ix^ndering  Fm5Ci'r- 
l>urgh  a  sife  retreat  for  vessels  of  w:u  as  well  asnierelmui- 
mcn  ;  and  the  place  has  thus  become  thriving,  weahhy, 
and  |>opulous. 

'   'Mrinnnal.H  tn>in  IVterhi-ad   and    |    of  Commiiit^  ta  ht  |iHlil4iit  6tli  ifu^X* 

I'aiilV,  rMiioTiiiii'^  I>aiii4ipe  ctccaMiunM    '    1820.     [24*.] 
I»v  a  St«.nii.'     OnU'ml  Itv  the  House 
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Ainong^  the  other  important  harbour  works  on  the 
north-east  coast  carried  out  by  Mr.  Telford  under  the 
Commissioners  appointed  to  administer  the  funds  of  the 
Forfeited  Estates,  were  those  at  Banff,  the  execution  of 
whicli  extended  over  many  years;  hut  though  costly, 
tliey  did  not  prove  of  anything  like  the  same  conve- 
nience as  those  executed  at  Peterhead.  The  old  liar- 
l)Our  at  the  end  of  the  ridge  running  north  and  south, 
on  which  what  is  called  the  "sea  toAvn"  of  BanflF^  is 
situated,  was  comj^leted  in  1775,  when  the  place  was 
already  considered  of  some  importance  as  a  fishing 
station. 


This  harbour  occupies  the  triangular  space  at  tlie 
north-eastern  extremity  of  the  projecting  point  of  land, 
at  tlie  opi)osite  side  of  which,  fronting  the  north-west, 
is  the  little  town  and  harbour  of  Maaluflf.  In  1816 
Mr.  Telford  iinnished  a  plan  of  a  new  pier  and  break- 
\\'atcr,  covering  the  old  entrance,  which  presented  an 
opening  to   tlie   N.X.E.,  with   a   basin  occupying  the 

^  'V\w  oh\  harlKmr  is  shown  at  the  rit^it  fxtix'imty  of  thu  iluttoiit  view  of 
Baiill,  |;iveii  at  ]>.  2  (»f  this  volumo. 
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iiitiMiiKMliato  space.  The  iiiliiibitant^  agreed  to  defray 
oiic-lialf  of  tlie  neeessjiry  cost,  and  the  Commissionere 
the  other;  and  the  plans  having  been  approved,  the 
works  were  eonnnenced  in  1818.  They  were  in  full 
progress  when,  unhappily,  the  same  hurricane  which 
in  is  111  did  so  nuich  injury  to  the  works  at  Peterhead, 
also  full  upon  those  at  IJanfl',  and  carried  away  a  large 
part  of  the  unfinished  ])ier.  This  accident  had  the  effect 
of  interrupting  the  work,  as  well  as  increasing  its  cost; 
hut  tlie  whole  was  successfully  conii)leted  by  the  year 
1S1>2.  Although  the  new  harbour  did  not  prove  very 
siifc,  and  exhibited  a  tendency  to  become  silted  up  with 
sind,  it  }>roved  of  use  in  some  resj)ects,  more  particu- 
larly by  preventing  all  swell  and  agitation  in  the  old 
harbour,  which  was  thus  rendered  probably  the  safest 
artificial  haven  in  the  Murray  Firth. 

It  is  unnecessary  to  specify  the  alterations  and  im- 
provt'iiients  of  a  similar  character,  adapted  to  the 
rcs|K'ctive  localities,  which  were  carried  out  by  Mr. 
Telford  at  IJurgh  llca<l,  Nairn,  Kirkwall,  Tarbet,  Tober- 
mory, Portmaholmac,  Dingwall  (with  its  cjinal  tw-o 
thousmd  yards  long,  connecting  the  town  in  a  complete 
manner  with  the  Frith  of  Cromarty),  Cullen,  Fortrose, 
liiillintraed,  Portree,  Jura,  Gourdon,  Invergordon,  and 
other  places.  Down  to  the  year  1823  the  Commis- 
sioners ha<l  ex|x»nded  108, f).']!)/.  on  the  improvements  of 
these*  several  ports,  in  aid  of  the  loc;il  contributions  of 
the  inhabitants  an<l  adjoining  jm)j)rietors  to  a  consider- 
al»ly  greater  extent  ;  the  result  of  which  wjis  a  great 
inereas*'  in  the  shipping  acconnmKlation  of  the  coast 
towns,  to  the  benefit  of  the  local  |K)puhition,  and  of  8bi|>- 
owners  and  navigators  generally. 

Mr.  Telfonfs  principal  harbour  works  in  Scotland, 
however.  Were  those  of  Aberdeen  and  Dundee,  which, 
next  to  Leith,  the  port  of  Edinburgh,  fonned  the 
|»riMeipal  havi-ns  along  the  i*ast  coast.  The  neighlx)Ur- 
liou«l  ot'  Al»erdeen   was  ori«rinallv  so  wild  and  barren 
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that  Telford  expressed  his  surprise  that  any  class  of 
men  should  ever  have  settled  there.  An  immense 
shoulder  of  the  Grampian  mountains  there  extends 
itself  do\\ni  to  the  sea-coast,  where  it  terminates  in  a 
bold,  rude  promontory.  The  country  on  either  side 
of  the  Dee,  which  flows  past  the  town,  w^as  originally 
covered  with  innumerahle  granite  blocks,  one,  called 
Craig  Metellan,  lying  right  in  the  river  s  mouth,  which, 
with  the  sand,  formed  an  almost  effectual  bar  to  its  navi- 
gation. Although,  in  ancient  times,  a  little  cultivable 
land  lay  inunediately  outside  the  town,  the  region  beyond 
was  as  sterile  as  it  is  possible  for  land  to  be  in  such  a 
latitude.  "  Any  wher,"  says  an  ancient  WTiter,  "  after 
yow  pas  a  myll  without  the  toune,  the  countrey  is  barren 
lyke,  the  hills  craigy,  the  plaines  full  of  marishes  and 
mosses,  the  feilds  are  covered  with  heather  or  j^eeble 
stons,  the  corne  feilds  mixt  with  thes  bot  few.  The  air 
is  temperat  and  healthful  about  it,  and  it  may  he  that 
the  citizens  owe  the  acuteness  of  their  \vits  thereunto 
and  their  civill  inclinations;  the  lyke  not  easie  to  be 
found  under  northerlie  climats,  damped  for  the  most 
pairt  w^itli  air  of  a  grosse  consistence."  ^ 

JJut  the  old  inhabitants  of  Aberdeen  and  its  neigli- 
boTuhood  were  really  as  rough  as  their  soil.  Judging 
from  their  records,  they  must  have  been  dreadfiilly 
haunted  by  w^itches  and  sorcerers  down  to  a  compara- 
tively recent  period,  witch-burning  having  been  common 
in  the  town  mitil  the  end  of  the  sixteenth  century.  We 
find  that,  in  one  year,  no  fewer  than  twenty-three  women 
and  one  man  were  burnt ;  the  Dean  of  Guild  Records 
containing  the  detailed  accounts  of  the  "  loads  of  peattis, 
tar  barrellis,"  and  other  combustibles  used  in  burning 
them.  The  lairds  of  the  Garioch,  a  district  in  the  imme- 
diate neighbourhood,  seem  to  have  been  still  more  temble 

'  *  A  Description  ol'  Butlie  Toiins  of  '  (iaviii  TiirrelTs  *  ADtiauorian  Glean- 
A  UtiU'cho.*  By  .Jjiiiics  (i onion,  Par-  '  inp;«  from  AberdeeDBiiire  Kcoordn.* 
M)n    of    JJotliicniay.       J{q»rinto<l    in    ;    Alx*nlwn,  1859. 
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than  the  witches,  being  accustomed  to  enter  the  place  and 
make  an  onslaught  ui)on  the  citizens,  according  as  local 
nigi^  an<l  thirst  for  8i>oil  might  incline  them.  On  one 
of  such  (Kxnisions,  eighty  of  the  inhabitants  were  killed 
an<l  wounded.^  Down  even  to  the  middle  of  last  cen- 
tury tlie  Aljcrdonian  notions  of  personal  liberty  seem  to 
have  l)een  very  restricted;  for  between  1740  and  1746 
we  find  tliat  persons  of  both  sexes  were  kidnapped,  put 
on  boanl  ships,  and  despatched  to  the  Ameriam  planta- 
tions, where  they  were  sold  for  slaves.  Strangest  of 
all,  the  men  who  carried  on  this  slave  trade  were  local 
dignitaries,  one  of  them  being  a  town's  baillie,  another 
the  town-clerk  depute.  Those  kidnapped  were  openly 
**  driven  in  flocks  through  the  town,  like  herds  of  sheep, 
under  the  care  of  a  keeper  armed  with  a  whip."  * 
»So  ojKjn  was  the  traffic  that  the  public  workhouse  was 
usckI  for  their  reception  imtil  the  diips  sailed,  and  when 
that  was  filled,  the  tolbooth  or  common  prison  was  made 
use  of.  The  vessels  which  siiiled  from  the  harbour  for 
America  in  1743  contiiined  no  fewer  than  sixty-nine 
l)t»rsons ;  and  it  is  supposed  that,  in  the  six  years  during 
which  the  Alxjrdeen  slave  trade  was  at  its  height,  about 
six  hundred  were  transjH>rtcHl  for  sale,  very  few  of  whom 
ever  returned.^ 

This  slave   traffic  was   doubtless  stinmlated   bv  the 
forcipi  ships  now  beginning  to  frequent  the  port;  for 

*  nnU^rtM)!!*!)  *  \\iMik  of  I$(»n-Accunl.'  wIk>  ilra{«g;od  him  befura  their  tribuiuil 

'  Ibi<i.,  qu<»t<'«l  ill  /FurrffTB  '  Aiiti-  !   as  liaviiig  ^  uublinhod  a  Ncurriloiui  and 

qiMriati  <iltraiiitip(/ p.  222.  iiifaiiiuiu  liiwl  uii   the   corporation,** 

'  <Mi«*  lit'  thciii,   howt'vcr,  (lid  re-  .   ainl  lie  wan  acntenoed  to  be  hnmi- 

tiirii — WivT  WilliaiiiMoii,  a  native  (»f  Huned  until  he  aliould  aigu  a  denial  of 

th"  tiiwii,  hi  lid   tiir  u  nlavo  in  Tcnn-  th<*  truth  of    hb    atatementa.      He 

Mlv.iiiui,   **ii   nMi'ih,  r.i«^i'«l,  hunilt^  hn>u«;lit  an  a(*tion  apunat  the  corpora- 

)i«'.iii«ii,    Imij:.    htowic,    devfr    U»y,**  tion   for  their  proceeding  and  ob- 

ulm,    riMrhiii'4    Viirk,   puhlixhi^l   an  tained  a  venlict  and  daiuagua;  and 

aiii.uiit  lit  tlic  intanKiiiH  traftir,  in  a  he  further   pmcivdeii  againat  IkiiHia 

)miii|>)ilit  uiiirh  cxcitnl  extraoniiiuirv'  Fonlyct*  (one  of  hin  kidnap|ieni)y  and 

iiiti-ri-^t  at    thr   tini«\  and    met  with  ntliem,  tnmi  whom  he  i»btained  2001. 

a    r.ipM    and    i-Nlinsivc    <>iniilatiun.  danuigi*,  with  eocita.   Tlieayatem  wu 

l*ut  Wi^  (•\)ll•^ur4•  iif  kidnapping  ^ave  thiiH  etfcc*tually  put  a  Htop  Co. 

viry  ;:r»at  uniiiir  t«»  thi*  niaciNtnitea,  ■ 

vol.  II.  2  n 
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the  iiiliabitaiits  were  industi-ious,  and  tlieir  plaidiiig, 
linen,  and  worsted  stockings  were  in  mnch  request  as 
articles  of  merchandise.  Cured  salmon  was  also  ex- 
ported in  large  (quantities.  As  early  as  1G59  a  quay  was 
foiTUod  along  the  Dee  towards  the  village  of  Foot  Dee. 
"  Beyond  Futty,"  says  an  old  w^riter,  "  lyes  the  fislier- 
boat  heavne ;  and  after  that,  towards  the  promontorie 
called  Sandenesse,  ther  is  to  be  seen  a  grosse  bulk  of  a 
building,  vaulted  and  flatted  above  (the  Blockhous  they 
call  it),  begun  to  be  builded  anno  1513,  for  guarding 
the  entree  of  the  harboree  from  pirat«  and  algarads; 
and  cannon  wer  jdanted  ther  for  that  purpose,  or,  at 
least,  tliat  from  thence  the  motions  of  pirats  might  Ije 
tymouslie  foreseen.  This  rough  piece  of  work  was 
finished  anno  1542,  in  which  yer  Ivkewayes  the  mouth 
of  the  river  Dee  was  locked  with  cheans  of  iron  and 
masts  of  ships  crossing  the  river,  not  to  be  opened  hot 
at  the  citizens'  pleasure."  * 

After  the  Union,  but  more  especially  after  the  rebel- 
lion of  1745,  the  trade  of  Aberdeen  made  considerable 
progress.  Although  Biu-ns,  in  1787,  briefly  descrilxid 
the  i)lace  as  a  "  lazy  toun,"  the  inhabitants  were  display- 
ing much  energy  in  carrying  out  improvements  in  their 
]K)rt.^  In  1775  the  foundation-stone  of  the  new  pier 
<lcsigncd  by  Mr.  Smeaton  was  laid  with  great  ceremony, 
and,  the  works  proceeding  to  completion,  a  new  pier, 
twelve  hundred  feet  long,  terminatuig  in  a  round  head, 
was  finished  in  less  than  six  years.  The  trade  of  the 
I)lace  was,  however,  as  yet  too  small  to  justify  anything 
l.)eyond  a  tidal  harbour,  and  the  engineer's  views  were 


'  *A  Description  of  Bothe  Tonus 
of  AU-nU'cne.*  By  James  Gonbn, 
I'ai-soii  (.t"  Kothifmay.  Quotetl  by 
Tunvin  1>.  109. 

-  ('oininunicitioii  with  l^nuloii  was 
as  yvt  ])y  no  niwins  iVt'qncnt,  and  I'ar 
Irnni  cxiK-H  lit  ions,  as  the  following  ad- 
vertiseiiicnt   <.!"    1778   will    .sh(»w : —    i   &c, 
*'Fur  LninU»n :  To  sjiil  |K«itivcly  on 


Saturday  next,  the  7th  November, 


wind  and  weather  iiermitting;  the 
Aberdeen  smack.  Will  lie  a  shcirt 
time  at  Ix)ndon,  and,  if  no  convoy  is 
apiN)inted,  will  sail  under  care  of  a 
licet  of  colliers — the  beat  convoy  of 
any.      For  iiarticulars   apply,"  &c.. 
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limite<l  to  that  object.  He  found  the  river  meandermg 
over  an  irregular  space  about  five  hundred  yards  in 
breadth  ;  and  he  apph'ed  the  only  practicable  remedy,  by 
ci>nfining  the  channel  as  much  as  the  limited  means 
|»hic*ed  at  his  dis[K)sal  enabled  him  to  do,  and  directing 
the  land  flcKxls  so  as  to  act  upon  and  diminish  the 
bar.  ()pi)08ite  the  north  pier,  on  the  south  side  of  the 
river,  Snieaton  constnictcd  a  breast-wall  about  half  the 
lenji^h  of  the  pier.  Owing,  however,  to  a  departure 
from  that  engineer  s  plans,  by  which  the  pier  was  placed 
too  far  to  tlie  nortli,  it  was  found  that  a  heavy  swell 
entered  tlie  harlnnir,  and,  to  obviate  this  formidable 
inconvenience,  a  bulwark  was  projected  from  it,  so  as  to 
occupy  alM.)ut  one-third  of  the  channel  entrance. 

The  trade  of  the  place  continuing  to  increase,  Mr. 
Kennie  was  called  ujwn,  in  1797,  to  examine  and  report 
u|M»n  the  iKjHt  means  of  improving  the  harbour,  when  he 
recommended  the  construction  of  floating  docks  upon  the 
Kuidy  Hats  called  F(K)t  Dee.  Nothing  was  done  at  the 
time,  as  the  sc-heme  was  very  costly  and  considered  be- 
yond the  available  means  of  the  locality.  But  the  magis* 
tnites  kept  the  subject  in  mind ;  and  when  Mr.  Telford 
reiM)rted  Jis  to  the  improvement  of  the  harbour  in  1801, 
he  intimati»<l  that  the  inhabitants  were  ready  to  co-operate 
with  the  Government  in  rendering  it  aijKible  of  accom^ 
UKMlatiiig  ships  of  war,  so  far  as  their  circumstances 
would  i>ermit.  In  1807  the  south  pier-head,  built  by 
Mr.  Siiieaton,  was  destroyed  by  a  storm,  and  the  time 
ha<l  arrived  when  something  nnist  be  done,  not  only  to 
improve  but  even  to  preserve  the  port.  The  magis- 
trates a((»onlingly  proceede<l,  in  1809,  to  rebuild  the  pier- 
head of  cut  gninite,  and  at  the  sjime  time  they  applied 
to  Parliament  for  authority  to  carry  out  further  improve- 
ments after  the  plan  recommended  by  Mr.  Telford;  and 
the  neci^sKirv  jMiwers  were  conferred  in  the  following 
yi'ar.  The  new  works  com}»rehende<l  a  large  exten- 
sion of  the  wharfage  acrommodation,  the  (^mstructiou 
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of  floating?  and  ^laviiifj^  dockn,  incretused  moans  of  scour- 
hv^  tlic  harbour  and  ensurinp^  greater  depth  of  water 
on  the  har  across  tlie  liver  s  month,  and  the  provifiioii  of 
a  navij:;al»le  connnunieation  hetween  the  Aberdeenshire 
(^nial  and  the  new  liarl)onr. 


The  extension  of  tlie  north  pier  was  first  proceeded 
with,  under  the  superintendence  of  Mr.  Jolin  Gibb,  the 
j-esident  enf:;ineer ;  and  l)y  tlie  year  1811  tlie  whole 
leno;th  of  300  additional  feet  had  been  completed.  The 
beneficial  effects  of  this  extension  were  so  apparent,  that 
a  ^eiieial  wish  was  expressed  that  it  should  be  earned 
further  ;  and  it  was  eventually  detennined  to  extend  the 
|)ier  780  ihi^i  beyond  Mr.  Snieaton's  head,  by  wdiich  not 
only  was  much  deeper  water  secured,  but  vessels  were 
blotter  enal)Ied  to  clear  the  Girdleness  Point.  This  ex- 
t(Mision  was  successfully  carried  out  by  the  end  of  tlie 
year  IS  12,  whilst  a  strong  breakwater,  about  800  feet 
long,  was  run  out  from  the  south  shore,  leaving  a  8i>aee 
of  al)out  2r)()  feet  as  an  entrance,  thereby  giving  greater 
|)rotcction  to  tlie  shi])[)ing  in  the  harbour,  whilst  the 
contraction  of  the  channel,  by  increasing  the  "scour," 
tended  to  give  a  much  greater  depth  of  water  on 
the  bar. 


UAKB-^IK      ll^y  H  J-   Lnu.b  ] 


The  outer  head  of  tlie  pier  was  fieriously  injured 
hythe  h<»avyHtonus()f  the  two  Kucceeilmp  wintern,  whicli 
n'udered  it  ne<*essjirv  to  aUer  itH  formation  to  a  vcrv 
flat  sl«»|H»  of  al)out  five  to  one  all  roun<l  the  head/     New 


'  **'ni('  Uittoin  timliT  thf  t'ouii«Ui-    .   o«iitt,  m»  tliat  it  wim  iiecoMary  to  coii- 
tiMii>,**  jciv*  Mr.  <Jil»h,  in  IiIm  flc?<(Ti|-    '    i«i>liibitr  i\w  w«»rk  uiMlcr  low  wat<T  by 


fimi  •»!'  (lie  viiirk,  **is  iiotliiii*^  U'ttrr 
tliaii  l<-«*»»  snut\  ami  yniv«'l,  oniKtatitly 
tliniMii  up  )iy  tlic  Mti  on  that  Ktonny 


<ln>|»|iin«{  lui^'  KtiHMii  fpini  li{;lit<*ffH, 
aihi  HIlin;:  thr  intiYMticfw  with  huuiIUt 
irtK'M,  until  it  waM  Imni'^ht  within  aUntt 
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wharves  were  at  the  same  time  constructed  inside  the 
harbour;  a  new  channel  for  the  river  was  excavated, 
which  further  enlarged  the  floating  space  and  wharf 
accommodation;  wet  and  dry  docks  were  added;  until 
at  length  the  quay  berthage  amounted  to  not  less  than 
6290  feet,  or  nearly  a  mile  and  a  quarter  in  length. 


By  these  combined  improvements  an  additional  extent 
of  quay  room  was  obtained  of  about  4000  feet;  an 
excellent  tidal  harbour  was  formed,  in  which,  at  spring 
tides,  the  depth  of  water  is  about  15  feet;  whilst  on  the 
bar  it  was  increased  to  about  19  feet.  The  prosperity  of 
Aberdeen  liad  meanwliile  been  advancing  apace.     The 


«i  f(.K)t  of  tlic  level  of  low  water,  wlieu 
the  jushhir  work  was  coininenctHl ;  l)ut 
in  ])lac^;  of  laying  tiie  stones  horizon- 
tally in  their  Ix'ds,  each  course  was 
laid  at  an  an;ile  of  45  dej^reos,  to 
within  alnmt  IS  inches  of  the  top, 
when  a  level  copin*^  wius  added.  This 
iikkU'  of  hnildinj:  enal)le<l  the  work  to 
1m'  carried  on  exije^litionsly,  and  ren- 
dered it  while  in  progress  less  liable 
to  tenijMirary  daniai^e,  likewise  atl'ord- 
in^  three  jMunts  (»f  hearing;  for  while 
th<?  ashlar  wallin;;   was   carrying;   up 


on  both  sides,  the  middle  or  body  of 
the  pier  wiw  carried  up  at  tlie  same 
time  by  a  careful  backing  througlioiit 
of  larj^o  nibblc-stouo,  to  within  18 
inches  of  the  t^ip,  wlicn  the  whole 
was  o)vero«l  with  granite  copinj?  and 
I»avin;jj  18  inches  deep,  with  u  cut 
gnuiite  parai»i^t  M'all  on  the  north  side 
of  the  whole  length  of  the  pier,  thus 
protecttnl  for  the  convenience  of  those 
who  mi^ht  have  occasion  to  frequent 
it." — Mr.  Ciibb  8  *  Narrative  of  Alwr^ 
ileon  Harbour  Works/ 
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city  had  been  greatly  IxjautifieJ  and  enlarged ;  ship- 
building had  made  rapid  progress;  Aberdeen  clippers 
became  famous,  and  Aberdeen  merchants  carried  on  a 
trade  with  all  parts  of  the  world  ;  manufactures  of  wool, 
cotton,  flax,  and  iron  were  carried  on  with  great  success ; 
its  population  rapidly  increased ;  and,  as  a  maritime  city, 
Al)erdeen  took  rank  as  the  third  in  Scotland,  the  tonnage 
entering  the  port  having  increased  from  50,000  tons  in 
1800  to  about  300,000  in  1860. 


Improvements  of  an  equally  important  character  were 
(•iiriied  out  by  Mr.  Telford  in  the  port  of  Dundee,  also 
situated  on  the  east  coast  of  Scotland,  at  the  entrance  to 
the  Frith  ot*  Tay.  There  are  those  still  living  at  the 
place  who  rememlK»r  its  former  haven,  consisting  of  a 
enM)ke<l  wall,  affording  shelter  to  only  a  few  fishing  boats 
or  siini^^ling  vessels — its  trade  being  then  altogether 
l)altry,  scarcely  deserving  the  name,  and  its  population 
not  one-fifth  of  what  it  now  is.  Helped  by  its  com- 
modious and  capacious  harlH>ur,  it  has  l)ecome  one  of  the 
most  populous  and  thriving  towns  on  the  east  coast. 

The  trade  of  the  place  took  a  great  start  forward  at 
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the  close  of  the  war,  and  Mr.  Telford  was  called  upon  to 
supply  the  plans  of  a  new  harboin*.  His  first  design, 
which  he  submitted  in  1814,  was  of  a  comparatively 
limited  character ;  Init  it  was  greatly  enlarged  during 
the  progress  of  the  works.  Floating  docks  were  added, 
as  well  as  graving  docks  for  large  vessels.  The  neces- 
sary powers  were  obtained  in  1815;  the  works  pro- 
ceeded vigorously  under  the  Harbour  Commissioners, 
who  superseded  the  old  obstructive  corporation;  and 
in  1825  the  splendid  new  floating  dock — 750  feet  long 
by  450  feet  broad,  having  an  entrance-lock  170  feet 
long  and  40  feet  wide — was  opened  to  the  shipping  of 
all  comitries.     • 
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CHAPTER    X. 

Caledonian  and  otheb  Canals. 

The  formation  of  a  navigable  highway  through  the 
chain  of  lochs  occupying  the  Great  Glen  of  the  High- 
lands, extending  diagonally  across  Scotland  from  the 
Atlantic  to  the  North  Sea,  had  long  been  regarded  as  a 
work  of  national  importance.  As  early  as  1773,  James 
Watt,  wlien  following  the  business  of  a  land-surveyor  at 
Glasgow,  made  a  survey  of  the  country  at  the  instance 
of  the  Commissioners  of  Forfeited  Estates.  He  pro- 
nounced the  canal  practicable,  and  pointed  out  how  it 
could  best  be  constructed.  There  was  certainly  no  want 
of  water,  for  Watt  was  drenched  with  rain  during  most 
of  his  survey,  and  had  difficulty  in  preserving  even  his 
journal  book.  "On  my  way  home,"  he  says,  "I  passed 
through  the  wildest  country  I  ever  saw,  and  over  the 
worst  conducted  roads.'' 

Twenty  years  later,  in  1703,  Mr.  Reimie  was  consulted 
as  to  the  canal,  and  he  also  prepared  a  scheme;  but  no- 
thing was  done.  The  project  was,  howi  vr^r,  revived  iu 
1801,  dining  the  war  with  NajK)leon,  wlirn  vanouH inland 
sliij)  canals— such  as  those  from  Londi*ri  U>  Pi>rtj^mouth, 
and  from  Bristol  to  the  English  Channel  —were  under  con- 
sideration, with  the  view  of  protecting:  Uritlwh  Hhipping 
against  French  privateers.  But  there  wasancjiher  reason 
for  urging  the  formation  of  the  amal  lhn*iigh  the  Great 
Glen  of  Scotland,  which  was  regarded  hsu  of  im(K>rtanoe 
l»efon*  the  introduction  of  steam  enaMixI  vi*»*ids  to  ml. 
the  winds  and  tides  at  comparative  defi;iii*^\  It  whm  Ihiji : 
ves.v;els  sjiiling  from  the  eastern  ports  to  Aiiiericn  Ijsyl  to 
Uat  up  the  Pentland  Frith  often  agains**  ndv^rw*  nindti 
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and  stormy  seas,  which  rendered  the  navigation  both 
tedious  and  dangerous.  Thus  it  was  cited  by  Sir  Edward 
Parry,  in  his  evidence  before  Parhament  in  favour  of 
completing  the  Caledonian  Canal,  that  of  two  vessels 
despatclied  from  Newcastle  on  the  same  day — one  bound 
for  Liverpool  l)y  the  north  of  Scotland,  and  the  other 
for  Bombay  by  the  English  Channel  and  the  Cape  of 
Good  Hope— the  latter  reached  its  destination  first! 
Another  case  may  be  mentioned,  of  an  Inverness  vessel, 
which  sailed  for  Liv^erpool  on  a  Christmas  Day,  re^iched 
Sti'omness  Harbom*,  in  Orkney,  on  the  1  st  of  January, 
and  lay  there  windboimd,  with  a  fleet  of  other  traders, 
mitil  the  middle  of  April  following !  In  fact  the  Pent- 
land  Frith,  which  is  the  tlu'oat  connecting  the  Atlantic 
and  German  Oceans,  and  through  which  the  fonner  rolls 
its  long  majestic  waves  with  tremendous  force,  was  the 
dread  of  mariners,  and  it  was  considered  an  object  of 
national  im])ortance  to  mitigate  the  dangers  of  the  pa^^ 
sage  towards  the  western  seas. 

As  the  lochs  occupying  the  chief  part  of  the  bottom 
of  the  Great  Glen  were  of  sufficient  depth  to  be  navigable 
by  large  vessels,  it  was  thought  that  if  they  could  be 
coiniected  l)y  a  ship  canal,  so  a«  to  render  the  line  of 
navigation  continuous,  it  would  be  uised  by  shipping 
to  a  large  extent,  and  prove  of  great  public  service. 
Five  hiuidred  miles  of  dangerous  navigation  by  the 
Orkneys  and  Cape  Wrath  would  thus  be  saved,  and 
ships  of  war,  were  this  track  open  to  them,  might  reach 
the  north  of  Ireland  in  two  days  from  Fort  George, 
near  Inverness.  AVhen  the  scheme  of  the  proposed  canal 
was  revived  in  1801,  Mr.  Telford  was  requested  to  make 
a  survey  and  send  in  his  report  on  the  subject.  He 
immediately  wrote  to  his  friend  James  Watt,  saying, 
"  I  have  so  long  accustomed  myself  to  look  with  a  degree 
of  reverence  to  your  work,  that  I  am  particularly  anxious 
to  learn  what  occurred  to  you  in  this  business  w^hile  the 
whole  was  fresh  in  your  nn'nd.     The  object  appears  to 
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me  so  great  and  so  desirable,  that  I  am  convinced  you 
will  feel  a  pleasure  in  bringing  it  again  under  investiga- 
tion, and  I  am  very  desirous  that  the  thing  should  be 
fully  and  fairly  explained,  so  that  the  public  may  be 
made  aware  of  its  extensive  utility.  If  I  can  accomplish 
tliis,  I  shall  have  done  my  duty ;  and  if  the  project  is  not 
executed  now,  some  future  period  will  see  it  done,  and  I 
shall  have  the  satisfaction  of  having  followed  you  and 
promoted  its  success."  ^  We  may  here  state  that  Telford's 
survey  agreed  with  Watt's  in  the  most  important  par- 
ticulars, and  that  he  largely  cited  his  descriptions  of  the 
intended  scheme  in  his  own  report. 

Mr.  Telford's  first  inspection  of  the  district  was  made 
in  1801,  and  his  report  was  sent  in  to  the  Treasury  in 
the  course  of  the  following  year.  Lord  Bexley,  then 
Secretary  to  the  Treasury,  took  a  warm  personal  interest 
in  the  project,  and  lost  no  opportunity  of  actively  pro- 
moting it.  A  board  of  commissioners  was  eventually 
a])pointed  to  carry  out  the  formation  of  the  canal. 
Mr.  Telford,  on  being  appointed  principal  engineer  of 
the  undertaking,  was  requested  at  once  to  proceed  to 
Scotland  and  prepare  the  necessary  working  survey. 
He  was  accompanied  on  the  occasion  by  Mr.  Jessop 
as  consulting  engineer.  Twenty  thousand  pounds  were 
granted  under  the  provisions  of  the  43  Qeo.  III. 
(rlia|>.  cii.),  and  the  works  were  commenced,  in  the 
U'giniiing  of  1H04,  by  the  fonnation  of  a  dock  or 
basin  adjoining  the  intended  tide-lock  at  Corpach,  near 
liannavie. 

The  basin  at  Corpach  fonned  the  southernmost  point 
of  tlie  intended  ranal.  It  is  situated  at  the  head  of 
Loch  Kil,  amidst  some  of  the  grandest  scenery  of  the 
Highlands.  Across  the  Loch  is  the  little  town  of  Fort 
William,  one  of  the  forts  established  at  the  end  of  the 


'  'ri..- Ori-in  ana   Pnr^rcHH  of  Uic   I    By    J.    P.    Muirhcad,     Esq.,    M.A. 
Mrrliaiiiral  Invt'ntioiiKuf  Janied  Watt,'  |   Vol.  i.,  p.  cxxvi. 
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-.  Keventeentli  centiiry  to  keep 
tlie  wild  Highlanders  in  sub- 
jection. Above  it,  hills  over 
hills  arise,  of  all  fonns  and 
sizes,  and  of  all  hues,  from 
grass-green  below  to  heather- 
brown  and  purple  above, 
capped  \vith  heights  of 
weather-beaten  grey ;  whiLst 
towering  over  all  stands  the 
rugged  mass  of  Ben  Nevis 
— a  mountain  almost  unsur- 
passed for  picturesque  gmn- 
deur.  Along  the  wx^stern 
foot  of  the  range,  wdiich  ex- 
tends for  some  six  or  eight 
miles,  lies  a  long  extent  of 
brown  bog,  on  the  verge  of 
which,  by  the  river  Ij<K»hy, 
stand  the  rums  of  Inverlochy 
Castle. 

The  works  at  Corpaeh  in- 
volved great  labour,  an<l  ex- 
tended over  a  long  series  of 
years.  The  difference  be- 
tween the  level  of  Loch  Eil 
and  Loch  Lochy  is  ninety 
feet,  whilst  the  distance  l>e- 
tween  them  was  less  than 
eight  miles,  and  it  was  there- 
fore necessary  to  climb  up 
the  side  of  the  hill  by  a  flight 
of  eight  gigantic  locks,  clus- 
tered together,  and  which 
Telford  named  Neptune's 
Staircase.  The  ground  passed 
over  was  in  some  places  very 
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difficult,  requiring  large  masses  of  embankment,  the 
slips  of  which  in  the  course  of  the  work  frequently 
occasioned  serious  embarrassment.  The  basin  on  Loch 
Eil,  on  the  other  hand,  was  constructed  amidst  rocks, 
and  considerable  difficulty  wjis  experienced  in  getting  in 
tlie  necessary  coffer-dam  for  the  construction  of  the  en- 
trance to  the  sea-lock,  the  entrance-sill  of  which  was 
laid  upon  the  rock  itself,  so  that  there  was  a  depth  of 
21  feet  of  water  upon  it  at  high  water  of  neap  tides.* 

At  the  sivme  time  that  the  works  at  Corpach  were 
connnenced,  the  dock  or  basin  at  the  north-eastern 
extremity  of  the  cjmal,  situated  at  Clachnagarry,  on  the 
shore  of  Loch  Beauly,  was  also  laid  out,  and  the  excava- 
tions and  embankments  were  carried  on  with  consider- 
able activity.  This  dock  was  constructed  about  967 
yards  long,  and  upwards  of  162  yards  in  breadth,  giving 
an  area  of  about  32  acres, — fonning,  in  fact,  a  harbour 
for  the  vessels  using  the  canal.  The  dimensions  of  the 
artificial  waterway  were  of  unusual  size,  as  the  intention 
was  to  iula])t  it  throughout  for  the  passage  of  a  32-gun 
fri^-.ite  of  tliat  day,  fully  equipped  and  laden  with  stores. 
The  canal,  as  originally  resolved  upon,  was  designed 
to  l>e  110  feet  wide  at  the  surface,  and  50  feet  at  the 
bottom,  with  a  depth  in  the  middle  of  20  feet;  though 
these  dimensions  were  somewhat  modified  in  the  execu- 
tion of  the  work.  The  kx^ks  were  of  corresponding 
larire  dimensions,  each  being  from  170  to  180  feet  long, 
K)  broad,  and  20  deep. 

Hetween  these  two  extremities  of  the  canal — Corpach 
oil  the  south-west  and  Clachnagarry  on  the  north-east — 
extends  the  chain  of  fresh-water  lochs:  Loch  Lochy  on 
tlie  south  ;  next  Loch  Oich  ;  then  Loch  Ness;  and  lastly, 
bnthest  north,  the  small  Loch  of  Doughfour.  The 
whole  length  of  the  navigation  is  60  miles  40  chains,  of 
whieh   the    iiavigjible  lochs  constitute   about  40  miles, 


'   I'iT  pmiiivsiniuil  tiitaib*  cif  thU  work,  hcp  *  Life  of  Telford^'  p.  306. 
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leaving  only  about  20  miles  of  canal  to  be  constructed, 
but  of  unusually  large  dimensions  and  through  a  very 
difficult  country. 

The  summit  loch  of  the  whole  is  Loch  Oich,  the 
surface  of  which  is  exactly  a  hundred  feet  above  high 
w^ater-mark,  both  at  Inverness  and  Fort  William ;  and 
to  this  sheet  of  water  the  navigation  climbs  up  by  a 
series  of  locks  from  botli  the  eastern  and  western  seas. 
The  w^hole  number  of  tliese  is  twenty-eight :  the  en- 
trance-lock at  Clachnagarry,  consti'ucted  on  piles,  at  the 
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end  of  huge  embankments,  forced  out  into  deep  water,  at 
Locli  Beauly  •/  another  at  the  entrance  to  the  capacious 
artificial  harbour  above  mentioned  at  Muirtown ;  four 
connected  locks  at  the  southern  end  of  this  basin;  a 


*  In  the  *Sixtoeiitli  Keport  of  the 
Cuininissioners  of  the  Caleilonian  Ca- 
nal,' the  following  reference  is  made 
to  (his  important  work,  which  was 
hnislRHl  in  1812:— "Tiie  depth  of 
the  mud  on  wiiich  it  may  Ixj  saiil  to 
lx»  artificially  seattnl  is  not  less  tlian 
tiO  feet ;  so  that  it  cannot  be  deemed 
su})erliu()us,  at  the  end  of  seven  years, 
to  state  that  no  sul)si(k'nce  is  dis- 
coverable ;  and  wo.  presume  that  tlic 
entire  l(»ck,  as  well  as  every  i>art  of  it, 
may  now  he   <leemed  ;w  immovahle, 


and  OS  little  liable  to  destruction,  as 
any  other  largo  mass  of  masonry. 
This  was  the  most  remarkable  work 
ixjrformed  imder  the  immediate  care 
of  Mr.  Matthew  Davidson,  our  supei> 
intcndent  at  Clachnagarry,  from  1804 
till  the  time  of  his  decease.  He  was 
a  man  perfectly  qualified  for  the  em- 
ploynient  by  inflexible  integrity,  un- 
wearied industry,  and  zeal  to  a  degree 
of  anxiety,  in  all  the  o])eration8  cum- 
mitted  to  his  care." 
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ref^uhiting  lock  a  little  to  the  north  of  Loch  Doughfour ; 
five  contiguous  locks  at  Fort  Augustus,  at  the  south 
end  of  Loch  Ness;  another,  called  the  Kytra  Lock, 
alx)ut  midway  between  Fort  Augustus  and  Loch  Oich ; 
a  regulating  lock  at  the  north-east  end  of  Loch  Oich ; 
two  contiguous  locks  between  Lochs  Oich  and  Lochy ;  a 
regulating  lock  at  the  south-west  end  of  Loch  Lochy; 
next,  the  grand  series  of  locks,  eight  in  number,  called 
''  Neptune's  Stairaise,"  at  Bannavie,  within  a  mile  and 
a  (juarter  oi'  the  sea ;  two  locks,  descending  to  Corpach 
basin ;  and  lastly,  the  great  entrance  or  searlock  at 
(\)r|)ach. 

As  may  naturally  be  supposed,  the  execution  of  these 
great  works  involved  vast  labour  and  anxiety.  They 
were  designed  with  much  skill,  and  executed  with  equal 
aliility.  There  were  hx-k-gjites  to  be  constructed,  prin- 
cipally of  cast  iron,  sheathed  with  pine  planking;  public 
roatl  bridges  crossing  the  line  of  the  canal,  of  which 
there  were  eight,  constructed  of  cast  iron  and  swung 
horizontcdiy.  There  were  many  moimtain  streams, 
swollen  to  torrents  in  winter,  crossing  under  the  canal, 
for  whicli  abundant  acconunodation  had  to  be  provided, 
involving  the  construction  of  numerous  culverts,  tunnels, 
and  undcr-bridges  of  huge  dimensions.  There  were 
also  p(jwcrful  sluices  provided  to  let  off  the  excess 
ot*  water  sent  down  from  the  adjacent  mountains  into 
the  canal  during  winter.  Three  of  these,  of  large  dimen- 
sions, high  al»ove  the  river  Lochy,  are 'constructed  at  a 
p<»int  where  the  canal  is  cut  through  the  solid  rock;  and 
the  sight  of  the  mass  of  waters  rushing  down  into  the 
valley  l)cneath,  gives  an  impression  of  power  which, 
once  seen,  is  never  forgotten. 

These  great  works  were  oidy  brought  to  a  completion 
after  the  labours  of  many  years,  during  which  the  diffi- 
culties encountered  in  their  construction  had  swelled  the 
cost  of  the  canal  far  beyond  the  original  estimate.  The 
rapid  advances  which   luwl  taken  place  in  the  interval 
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in  tlie  prices  of  labour  and  materials  also  tended  greatly 
to  increase  the  expenses,  and,  after  all,  the  canal,  when 
completed  and  opened,  was  comparatively  little  used. 
This  was  doubtless  owing,  in  a  great  measure,  to  the 
rapid  changes  which  occurred  in  the  system  of  naviga- 
tion shortly  after  the  projection  of  the  imdertaking. 
For  these  Telford  was  not  responsible.  He  was  called 
upon  to  make  the  canal,  and  he  did  so  in  the  best 
manner.  Engineers  are  not  required  to  speculate  as 
to  the  commercial  value  of  the  works  they  are  required 
to  construct;  and  there  were  circumstances  connected 
with  the  scheme  of  the  Caledonian  Canal  which  removed 
it  from  the  category  of  mere  commercial  adventures. 
It  was  a  Government  project,  and  it  proved  a  failure. 
Hence  it  fonned  a  prominent  topic  for  discussion  in 
the  journals  of  the  day  ;  but  the  attacks  made  upon  the 
Government  because  of  their  expenditure  on  the  hapless 
imdertaking  were  perhaps  more  felt  by  Telford,  who 
was  its  engineer,  than  by  all  the  ministers  of  state  con- 
joined. 

"  The  mifortunate  issue  of  this  great  work,"  writes 
the  present  engineer  of  the  canal,  to  whom  we  are  in- 
debted for  many  of  the  preceding  facts,  "  was  a  grievous 
disappointment  to  Mr.  Telford,  and  was  in  fact  the  one 
great  bitter  in  his  otherwise  unalloyed  cup  of  happiness 
and  prosperity.  The  imdertaking  was  maligned  by 
thousands  who  knew  nothing  of  its  character.  It  be- 
came '  a  dog  with  a  bad  name,'  and  all  the  proverbial 
consequences  followed.  The  most  absurd  errors  and 
misconceptions  were  propagated  respecting  it  from  year 
to  year,  and  it  was  impossible  during  Telford's  lifetime 
to  stem  the  torrent  of  popular  prejudice  and  objurga- 
tion. It  must,  however,  be  admitted,  after  a  long 
experience,  that  Telford  was  greatly  over-sanguine  in 
his  expectations  as  to  the  national  uses  of  the  canal,  and 
he  was  doomed  to  suffer  acutely  in  his  personal  feelings, 
little  though  he  may  have  been  jx?rsonally  to  blame. 
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the  consequences  of  what  in  this  commercial  coimtry  is 
regarded  as  so  much  worse  than  a  crime,  namely,  a 
financial  mistake."  * 

Mr.  Telford's  great  sensitiveness  made  him  feel  the 
ill  success  of  this  enterprise  far  more  than  most  other 
men  would  have  done.  He  was  accustomed  to  throw 
himself  into  the  projects  on  which  he  was  employed  with 
an  enthusiasm  ahnost  poetic.  He  regarded  tiiem  not 
merely  as  so  much  engineering,  but  as  works  which  were 
to  l>e  instrumental  in  opening  up  the  commimications  of 
the  country  and  extending  its  civilization.  Viewed  in 
this  light,  his  canals,  roads,  bridges,  and  harbours  were 
unciuestionaljly  of  great  national  importance,  though 
their  connnercial  results  might  not  in  all  cases  justify 
the  estimates  of  their  projectors.  To  refer  to  like  in- 
stances— no  one  can  doubt  the  immense  value  and 
pulilic  uses  of  Mr.  Rennie's  Waterloo  Bridge  or  Mr. 
I{<>lx3rt  Stephenson's  Britannia  and  Victoria  Bridges, 
though  every  one  knows  that,  commercially,  they  have 
l)een  failures.  But  it  is  probable  that  neither  of  these 
cinineiit  engineers  gjive  hiiiLself  anything  like  the 
anxious  concern  that  Telford  did  about  the  financial 
issue  of  his  undertaking.  Were  railway  engineers  to 
fret  and  vex  themselves  about  the  commercial  value 
of  the  schemes  in  which  they  have  been  engaged,  there 

•  'riir  iiiisfortuiuH  of  the('ale<lonian  I  its  tlicn  state,  st?  -u^l>  nrnjiiiiu  nd- 
Cinil  (li.l  not  cimI  with  the  life  ot  I  iii«^  iUi  auiipletion  - .  .*.  II  .i^  lU  itjc 
'rillnnl.        'Jin*     first     vessel     jtfissiHl    ,    ^m^^'t'IIleut.   Hi»adv  h  i    ^^  i  .    v- iJi*  uj  v 


thrnu;:li  it  tnuu  .sta  Ut  sea  in  OctoUT, 
iH'J'JJty  \vhi(  h  time  it  had  cost  alxuit 
a  iiiilhMii  st«ilin^%  or  (ioiihle  the  ori- 
;:iii;il  ejNtiiiuite.  Not  withstanding  this 
lari:»'  Muthiy,  it  apju-are  that  the 
(anal  was  (»|n'ne<l  Ut'ore  the  works 
Uen    ]irM|xrly    o»niphte<i  ;    and 


adopted,  and  the  tui 

accordingly,  at  an  :»>i  i 

aliuut  200,000?.,  im.  I  itm 

was  rc?-opened  in  !  -    "  ■  \Mi 

time  it  has  coutini 

tion.     llic  passage 

all   times  can  no\  >!u 


ill.'  roiiv.puiiee  was  that   they  very        and  it  can  usuallv   i-  ^^1v 


Nli'Ttly  Irll  iut<»  dcvay.  It  even 
U'::aii  In  Im'  eMu.sidenii  wliether  the 
eanal  Mu-^lit  not  to  lie  aKuKloni^l.  In 
iS^iH,  Mr.  dajnes  Walker,  C'.E.,  an 
en;4in(tr  ot"  the  highest  eminenw, 
exannnnl    it,    and    rejiorti'*!   fnlly  on 
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eight   hours.      As 
North  increases,  th>   u 
will  probably  beco In'    i 
cided     than     they    Uam      k> 
provi-d. 
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are  few  (jf  tlieiii  but  would  be  so  haunted  by  the  ghosts 
of  wTCcked  speculations  that  they  could  scarcely  lay 
their  lieads  upon  their  pillows  for  a  single  night  in 
peace. 

Wliile  the  Caledonian  Canal  was  in  progress,  Mr. 
Telford  was  occuj)ied  in  various  works  of  a  similar 
kind  in  Kngland  and  Scotland,  and  also  one  in  Sweden. 
In  1804,  while  on  one  of  his  journeys  to  the  north,  he 
was  recpiested  by  the  Earl  of  Eglinton  and  others  to 
exanune  a  project  for  making  a  canal  from  Glasgow  to 
Saltcoats  and  Ardrossan,  on  the  north-western  coast 
of  the  county  of  Ayr,  passing  near  the  important 
manufacturing  town  of  Paisley.  A  new  survey  of  the 
line  was  made,  and  the  works  were  carried  on  during 
several  successive  years  until  a  very  fine  capacious  canal 
was  completed,  on  the  sjime  level,  as  far  as  Paisley  and 
Johnstown.  But  the  funds  of  the  company  falling  short, 
the  works  were  stopped,  and  the  canal  was  carried  no 
further.  Besides,  the  measures  so  actively  employed  by 
the  Clyde  Trustees  to  deepen  the  bed  of  that  river  and 
enable  ships  of  large  burden  to  pass  up  as  high  sis  Glas- 
gow, had  ])roved  so  successful  that  the  ultimate  exten- 
sion of  the  carnal  to  Ardrossan,  so  as  to  avoid  the  shoals 
of  the  Clyde,  was  no  longer  necessary,  and  the  prose- 
cution of  the  work  was  accordingly  almndoned.  But  as 
Mr.  Telford  has  observed,  no  person  suspected,  when 
the  canal  was  laid  out  in  1805,  "  tlmt  steamlxxits  would 
not  only  monopolise  the  tmde  of  the  Clyde,  but  pene- 
trate into  every  creek  where  there  is  water  to  float  tliem, 
in  the  liritish  Isles  and  the  continent  of  Europe,  and  be 
seen  in  every  quarter  of  the  world." 

Another  of  the  navigjitions  on  which  Mr.  Telfortl 
was  long  employed  was  that  of  the  river  Weaver  in 
(lieshire.  It  wjus  only  twenty-four  miles  in  extent, 
but  of  considerable  importance  to  the  coimtry  through 
which  it  passed,  accommodating  the  saltz-manufacturing 
distiicts,  of  which  the  towns  of  Nantwich,  Northwich,  and 
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Frodsham  are  the  centres.  The  channel  of  the  river  was 
extremely  crooked  and  much  obstructed  by  shoals,  when 
Telford  took  the  navigation  in  hand  in  the  year  1807, 
and  a  number  of  essential  improvements  were  made  in  it, 
1)V  means  of  new  locks,  weirs,  and  side  cuts,  which  had 
the  effect  of  greatly  improving  the  communications  of 
these  imiK^rtant  districts. 

In  the  following  year  we  find  our  engineer  consulted. 
Jit  the  instance  of  the  King  of  Sweden,  on  the  best 
mode  of  constructing  the  Gotha  Canal,  between  Lake 
Wenern  and  the  Baltic,  to  complete  the  communica- 
tion with  the  North  Sea.  In  1808,  at  the  invitation 
of  C\)unt  Platen,  Mr.  Telford  visited  Sweden  and  made 
a  careful  survey  of  the  district.  The  service  occupied 
him  and  his  jussistants  two  months,  after  which  he 
j)repared  and  sent  in  a  series  of  detailed  plans  and  sec- 
tions, together  with  an  elaborate  report  on  the  subject. 
His  ])lans  having  been  adopted,  he  again  visited  Sweden 
in  1810,  to  insi)ect  the  excavations  which  had  already 
l)een  lx»gun,  when  he  supplied  the  drawings  for  the  locks 
jiiid  bridges.  Witli  the  sanction  of  the  British  Govem- 
iiieiit,  he  at  the  sjime  time  furnished  the  Swedish  con- 
tractors with  patterns  of  the  most  improved  tools  used 
in  cjiiial  making,  and  took  with  him  a  number  of  ex- 
ixrit'iiced  lock-niakors  and  navvies  for  the  purpose  of 
instructing  the  native  workmen.  The  construction  of 
tlic  (Jotha  (anal  was  an  undertaking  of  great  mag- 
nitude and  (Uthculty,  similar  in  many  respects  to  the 
Caledonian  Canal,  though  much  more  extensive.  The 
length  of  artificial  canal  was  55  miles,  and  of  the  whole 
navigation,  including  the  lakes,  120  miles.  The  locks 
arc  120  tcet  long  and  24  feet  broad ;  the  width  of  the 
<anal  at  bottom  l)eing  42  feet,  and  the  depth  of  water 
10  tlet.  The  results,  so  far  as  the  engineer  was  con- 
cerned, were  much  more  satisfactory  than  in  the  case 
<»t*  tlie  Caledonian  Canal.  Whilst  in  the  one  case  he  had 
nmcli  <>bl<M|uv  to  suft'er  for  the  services  he  had  given, 
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in  the  other  he  was  honoured  and  feted  as  a  piil)lic 
benefactor,  the  King  conferring  upon  him  the  Swedisli 
order  of  kniglithood,  and  presenting  him  with  his  por- 
trait set  in  diamonds. 

Among  the  various  canals  throughout  England  which 
Mr.  Telford  was  employed  to  construct  or  improve, 
down  to  the  commencement  of  the  railway  era,  were  the 
Gloucester  and  Berkeley  Canal,  in  1818 ;  the  Grand 
Trunk  Canal,  in  1822  ;  the  Harecastle  Tunnel,  which  he 
constructed  anew,  in  1824-7 ;  the  Birmingham  Canal,  in 
1824  ;  and  the  Macclesfield,  and  Birmingham  and  Liver- 
pool Junction  Canals,  in  1825.  The  Gloucester  and 
Berkeley  Canal  Company  had  been  unable  to  finish  their 
works,  begun  some  thirty  years  before;  but  with  the 
assistance  of  a  loan  of  100,000/.  from  the  Exchequer 
Bill  Loan  Commissioners,  they  were  enabled  to  proceed 
Avitli  the  completion  of  their  undertaking.  A  capacious 
canal  was  cut  from  Gloucester  to  Sharpness  Point,  about 
eight  miles  down  the  Severn,  which  had  the  effect  of 
greatly  improving  the  convenience  of  the  port  of 
Gloucester;  and  by  means  of  this  navigation,  ships 
of  large  burden  can  now  avoid  the  circuitous  and  diffi- 
cult passage  of  the  higher  part  of  the  river,  very  much 
to  the  advantage  of  the  trade  of  the  place. 

The  formation  of  a  new  tunnel  through  Harecastle 
ITill,  for  the  better  accommodation  of  the  boats  passing 
along  the  Grand  Trunk  Canal,  was  a  formidable  work. 
The  original  tunnel,  it  will  be  remembered,  was  laid 
out  by  Brindley,  about  fifty  years  before,  and  occupied 
eleven  years  in  construction.  But  the  engineering 
ap])liances  of  those  early  days  were  very  limited ;  the 
pumping  powers  of  tlie  steam-engine  had  not  been  ■ 
fairly  developed,  and  workmen  were  as  yet  only  half- 
educated  in  the  expert  use  of  tools.  The  tuimel,  no 
doubt,  ansAvered  the  purpose  for  which  it  was  originally 
intended,  but  it  was  very  soon  found  too  limited  for 
tho  traffic  passing  along  the  navigation.     It  was  little 
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larger  than  a  sewer,  and  admitted  the  passage  of  only 
one  narrow  boat,  seven  feet  wide,  at  a  time,  involving 
very  heavy  labour  on  the  part  of  the  men  who  worked 
it  through.  This  was  performed  by  what  was  called 
legging.  The  Leggers  lay  upon  the  deck  of  the  vessel, 
or  upon  a  board  slightly  projecting  from  either  side 
of  it,  and,  by  thrusting  their  feet  against  the  slimy 
roof  or  sides  of  the  tunnel — walking  horizontally  as  it 
were — they  contrived  to  push  it  through.  But  it  was 
no  Ijctter  than  horse-work  ;  and  after  "legging"  Hare- 
bustle  Tunnel,  which  is  more  than  a  mile  and  a  half 
long,  the  men  were  usually  completely  exhausted,  and 
as  wet  from  perspiration  as  if  they  had  been  dragged 
through  the  canal  itself.  The  process  occupied  about 
two  hours,  and  by  the  time  the  passage  of  the  tunnel 
was  made,  there  was  usually  a  collection  of  boats  at  the 
other  end  waiting  their  turn  to  pass.  Thus  much  con- 
tention and  confusion  took  place  amongst  the  boatmen 
— a  very  rough  class  of  labourers, — and  many  furious 
battles  were  fought  by  the  claimants  for  the  first  turn 
'Mhruugh/'  Keguhitions  were  found  of  no  avail  to 
settle  these  disputes,  still  less  to  accommodate  the  large 
trartic  which  continued  to  keep  flowing  along  the  line 
of  the  (hand  Trunk,  and  steadily  increased  with  the 
advancing  trade  and  manufactures  of  the  country.  Loud 
complaints  were  made  by  the  public,  but  they  were  dis- 
reganled  for  many  years ;  and  it  was  not  until  the  pro- 
prietors were  threatened  with  rival  canals  and  railroads 
that  they  determined  on — what  they  could  no  longer 
avoid  it*  they  desired  to  retain  the  carrying  trade  of  the 
tlistrict — the  enlargement  of  the  Harecastle  Tunnel. 

Mr.  Telford  was  requested  to  advise  the  Company  what 
courso  was  most  proper  to  be  adopted  in  the  matter, 
and  after  exann'ning  the  place,  he  recommended  that  an 
entirely  new  tunnel  should  l)e  constructed, nearly  parallel 
with  the  old  one,  but  of  much  larger  dimensions.  The 
work  was  Ixgun  in   1824,  and  completed  in  1827,  in 
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les«  than  three  years.  There  were  at  that  time  through- 
out the  country  plenty  of  skilled  labourers  and  con- 
tractors, many  of  them  trained  by  their  experience  upon 
Telford's  own  works,  whereas  Brindley  had  in  a  great 
measure  to  make  his  workmen  out  of  the  rawest  material. 
Telford  also  had  the  advantage  of  greatly  improved 
machinery  and  an  abundant  supply  of  money — the  Grand 
Trunk  Canal  Company  having  become  prosperous  and 
rich,  j)aying  large  dividends.  It  is  therefore  meet,  while 
eidogising  the  despatch  w^ith  which  he  was  enabled  to 
carry  out  the  work,  to  point  out  that  the  much  greater 
period  occupied  in  the  earlier  undertaking  is  not  to  be  set 
down  to  the  disparagement  of  Brindley,  who  had  difficulties 
to  encounter  w^iich  the  later  engineer  knew  nothing  of. 
The  length  of  the  new  tunnel  is  2926  yards;  it  is 
16  feet  high  and  14  feet  broad,  4  feet  9  inches  of 
the  breadth  being  occupied  by  the  towing-path — for 
"  legging "  was  now"  dispensed  with,  and  horses  hauleil 
along  the  boats  instead  of  their  being  thrust  through  by- 
men.  The  tunnel  is  in  so  perfectly  straight  a  line  that 
its  whole  length  can  be  seen  through  at  one  view ;  and 
though  it  w^as  constructed  by  means  of  fifteen  diflferent 

pitshafts  simk  to  the  same 


line  along  the  length  of 
the  tunnel,  the  workman- 
ship is  so  perfect  that  the 
joinings  of  the  various 
lengths  of  brickwork  are 
scarcely  discernible.  Tlie 
convenience  aflForded  by 
the  new  tunnel  was  very 
great,  and  Telford  men- 
tions that,  on  surveying  it 
in  1829,  he  asked  a  boat- 
man coming  out  of  it  how 

he  liked  it  ?     "1  only  wish,"  he  replied,  "  that  it  reached 

all  the  wnv  to  Manchester!" 
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At  the  time  that  Mr.  Telford  was  engaged  upon  the 
tunnel  at  Harecastle,  he  was  employed  to  improve  and 
widen  the  Binningham  Canal,  another  of  Brindley's 
works.  Though  the  accommodation  provided  by  it 
had  been  sufficient  for  the  traffic  wlien  originally  con- 
structed, the  expansion  of  the  trade  of  Binningham  and 
the  neighbourhood,  accelerated  by  the  formation  of  the 
ciinal  itself,  had  been  such  as  completely  to  outgrow  it« 
limited  convenience  and  capacity,  and  its  enlargement 
and  improvement  now  became  absolutely  necessary. 
Brindley\s  Canal,  for  the  sake  of  cheapness  of  construc- 
tion— money  being  much  scarcer  and  more  difficult  to  be 
raised  in  the  early  days  of  cimals — was  also  winding  and 
crooked ;  and  it  was  considered  desirable  to  shorten  and 
straighten  it  by  cutting  oflF  the  bends  at  diflferent  points. 
At  the  ])oint  at  which  the  ciinal  entered  Birmingham,  it 
had  l>ecome  "little  better  than  a  crooked  ditch,  with 
scarcely  the  appearance  of  a  townng-path,  the  horses 
i'reciuently  sliding  and  stiiggering  in  the  water,  the 
hauling-lines  sweeping  the  gravel  info  the  canal,  and 
the  entanglement  at  the  meeting  of  boats  being  inces- 
s;int ;  whilst  at  the  locks  at  each  end  of  the  short  sunnnit 
at  Smethwick  crowds  of  boatmen  were  always  quar- 
relling, or  oflering  premiiuus  for  a  preference  of  passage ; 
nui\  the  mine-owners,  injured  by  the  delay,  were  loud  in 
tlicir  just  com])laints/'  ' 

Mr.  Teli'ord  proposed  an  effective  measure  of  improve- 
ment, which  was  taken  in  hand  without  loss  of  time, 
jind  carried  out,  greatly  to  the  advantage  of  the  trade  of 
the  district.  The  numerous  bends  in  the  canal  were  cut 
off,  the  water-way  was  greatly  widened,  the  summit  at 
Siiu'thwick  was  cut  down  to  the  level  on  either  side, 
and  a  straight  canal,  forty  feet  wide,  without  a  lock,  thus 
toriiicd  as  far  fis  Bilston  and  Wolverhampton  ;  whilst  the 
length  of  the  main  line  l)etween  Binningham  and  Auther- 
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ley,  along  the  whole  extent  of  the  "  Black  country/*  was 
reduced  from  twenty-two  to  fourteen  miles.  At  the  same 
time  the  obsolete  curvatures  in  Brindley's  old  canal  were 
converted  into  separate  branches  or  basins,  for  the  accom- 
modation of  the  numerous  mines  and  manufactories  on 
either  side  of  the  main  hne.  In  consequence  of  the  alter- 
ations whicli  had  been  made  in  the  canal,  it  was  found 
necessary  to  construct  numerous  large  bridges.  One  of 
these — a  cast  iron  bridge,  at  Gralton,  of  150  feet  span 
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— has  been  much  admired  for  its  elegance,  lightness, 
and  economy  of  material.  Several  others  of  cast  iron 
were  constructed  at  different  points,  and  at  one  place 
the  canal  itself  is  can-ied  along  on  an  aqueduct  of  the 
same  material  as  at  Pont  -  Cysylltau.  The  whole  of 
these  extensive  improvements  were  carried  out  in  the 
short  s})ace  of  two  years;  and  the  result  was  highly 
satisfactory,  "  proving,"  as  Mr.  Telford  himself  observes, 
"  that  where  business  is  extensive,  liberal  expenditure  of 
this  kind  is  true  economy." 

In  1825  Mr.  Telford  was  called  upon  to  lay  out  a  canal 
to  connect  the  Grand  Trimk,  at  the  north  end  of  Hare- 
castle  Tunnel,  \vith  the  rapidly  improving  towns  of  Con- 
gleton  and  Macclesfield.  The  line  was  twenty-nine  miles 
in  length,  ten  miles  on  one  level  from  Harecastle  to 
beyond  Congleton ;  then,  ascending  114  feet  by  eleven 
locks,  it  proceeded  for  five  miles  on  a  level  past  Mao 
clesfield,  and  onward  to  join  the  Peak  Forest  Canal 
at  Mar[)le.      The  navigation  was  thus  conducted  upon 
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two  levels,  each  of  considerable  length;  and  it  so 
happened  that  the  trade  of  each  was  in  a  measure 
distinct,  and  required  separate  accommodation.  The 
traffic  of  the  whole  of  the  Congleton  district  had  ready 
access  to  the  Grand  Tnmk  system,  without  the  labour, 
exj^ense,  and  delay  involved  by  passing  the  boats 
through  locks ;  whilst  the  coals  brought  to  Macclesfield 
to  supply  the  mills  there  were  carried  throughout  upon 
the  up{)er  level,  also  without  lockage.  The  engineer's 
arrangement  proved  highly  judicious,  and  fiunishes  an 
iUiLstration  of  the  tact  and  judgment  which  he  usually 
displayed  in  laying  out  his  works  for  practical  uses.  Mr. 
Telford  largely  employed  cast  iron  in  the  construction 
of  this  canal,  using  it  in  the  locks  and  gates,  as  well  as 
ill  an  extensive  aqueduct  which  it  was  necessary  to  con- 
struct over  a  deep  ravine,  after  the  plan  pursued  by 
him  at  Pont-Cysylltau  and  other  places. 

The  last  canal  constructed  by  Mr.  Telford  was  the 
Binaingham  and  Liverpool  Jimction,  extending  from 
the  Birmingham  Canal,  near  Wolverhampton,  in  nearly  a 
direct  line,  by  Market  Drayton,  Nantwich,  and  through 
the  city  of  Chester  by  the  Ellesmere  Canal,  to  Ellesmere 
Port  on  the  Mersey.  The  proprietors  of  canals  were 
becoming  ahirmed  at  the  numerous  railways  projected 
through  the  districts  heretofore  served  by  their  water- 
ways; and  amongst  other  projects  one  was  set  on  foot, 
as  early  as  182'),  for  constructing  a  line  of  railway  from 
London  to  Liverpool.  Mr.  Telford  was  consulted  as  to 
the  best  means  of  protecting  existing  investments,  and 
his  advice  was  to  render  the  canal  system  as  complete  as  it 
could  be  made ;  for  he  entertained  the  conviction,  which 
has  been  justified  by  exixjrience,  that  such  navigations 
|m)ss<^'ss<.mI  j)eculiar  advantages  for  the  conveyance  of 
licavy  p)o(ls,  and  that,  if  the  interruptions  presented  by 
locks  eouM  l)e  done  away  with,  or  materially  reduced, 
a  lar;j:e  portion  of  the  trade  of  the  country  must  con- 
tinue to  1x5    cjirried  by    the   water    roads.      The    new 
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line  recommended  by  him  was  approved  and  adopted, 
and  the  works  were  commenced  in  182().  A  second 
complete  route  was  thus  opened  up  between  Bimiingham 
and  Liverpool,  and  Manchester,  by  which  the  distance 
was  shortened  twelve  miles,  and  the  delay  occasioned 
by  320  feet  of  upward  and  downward  lockage  was  done 
away  with. 

Telford  was  justly  proud  of  his  canals,  which  were  the 
finest  works  of  their  kind  that  had  yet  been  executed 
in  England.  Capacious,  convenient,  and  substantial, 
they  embodied  his  most  ingenious  conti'ivances,  and 
his  highest  engineering  skill.  Hence  we  find  him 
wi'iting  to  a  friend  at  Langholm,  that,  so  soon  as  he 
could  find  "  sufficient  leisure  from  his  various  avocations 
in  his  own  unrivalled  and  beloved  island,"  it  was  his 
intention  to  visit  France  and  Italy,  for  the  purpose  of 
ascertaining  what  foreigners  had  been  able  to  accom- 
plish, com})ared  with  ourselves,  in  the  construction  of 
canals,  bridges,  and  harbours.  "  I  have  no  doubt,"  said 
he,  "  as  to  their  inferiority.  During  the  w^ar  just  brought 
to  a  close,  England  has  not  only  been  able  to  guard  her 
own  head  and  to  carry  on  a  gigantic  struggle,  but  at  the 
same  time  to  construct  canals,  roads,  harbours,  bridges — 
magnificent  works  of  peace — the  like  of  which  are  pro- 
bably not  to  be  fomid  in  the  world.  Are  not  these  tilings 
worthy  of  a  nation's  pride  ?  " 
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CHAPTER    XI. 
Telford  as  a  Boad-Makeb. 

Mr.  Telford's  extensive  practice  as  a  bridge-builder 
led  his  friend  Soiithey  to  designate  him  "  Pontifex 
Maxinius."  Besides  the  numerous  bridges  erected  by 
him  in  the  West  of  England,  we  have  found  him  fiir- 
nishing  designs  for  about  twelve  hmidred  in  the  High- 
hmds,  of  various  dimensions,  some  of  stone  and  others 
<jf  iron.  His  practice  in  bridge-building  had,  there- 
fore, been  of  an  unusually  extensive  character,  and 
Soutliey's  sobriquet  was  not  ill  applied.  But  besides 
l)eing  a  great  bridge-builder,  Telford  was  also  a  great 
njad-maker.  With  the  progress  of  industry  and  trade, 
the  easy  and  rapid  transit  of  persons  and  goods  had 
(M>me  to  be  regarded  as  an  increasing  object  of  public 
interest.  Fast  coaches  now  ran  regularly  between  all 
the  princii)al  to^^^ls  of  England ;  every  effort  being 
made,  by  straightening  and  shHrteniiig  the  roads^  cut^ 
ting  down  hills,  and  cjirryingemlaiiknuaifjiacrfwtH  valleyw 
and  via<lucts  over  rivers,  to  ivndcr  traveUtng  by  tiie 
main  routes  as  e«asy  and  exjxjditioiis  n.-^  )  i^-sible. 

Attention  was  especially  turmd  i<^  nh  iinpnivemont 
of  the  longer  routes,  and  to  [lerfecting  the  ooimeo 
ti<m  of  London  with  the  chief  toums  of  Hcotlmid  and 
hvlainl.  Telford  was  early  caMi*il  ujR»n  to  iHlvii«>  a^i  to 
th(»  repairs  of  the  road  between  (arHHki  and  (Haiigow, 
which  had  l)een  allowed  to  fall  iiito  ii  wretche<l  utatt! ; 
as  wiH  as  the  formation  of  a  uvw  line  from  r'arlinle, 
a<ross  the  counties  of  Dumfriis,  Kirkcudbnght,  and 
Wigtoii,  to  Port  Patrick,  for  the  pnrpM^.*  uf  rnj<nring  ii 
more  rapi<l  c<»uuuuniration  with  Ili^lJiiHr  an*]  the  northeni 
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parts  of  Ireland.  Although  Glasgow  had  become  a  place 
of  considerable  wealth  and  importance,  the  roads  to  it, 
north  of  Carlisle,  continued  in  a  very  unsatisfactory 
state.  It  was  only  in  July,  1788,  that  the  first  mail-coach 
from  London  had  driven  into  Glasgow  by  that  route, 
when  it  was  welcomed  by  a  procession  of  the  citizens 
on  horseback,  who  went  out  several  miles  to  meet  it. 
But  the  road  had  been  shockingly  made,  and  before  long 
had  become  almost  impassable.  Robert  Owen  states 
that,  in  1795,  it  took  him  two  days  and  three  nights' 
incessant  travelling  to  get  from  Manchester  to  GLisgow, 
and  he  mentions  that  the  coach  had  to  cross  a  well- 
knowTi  dangerous  momitain  at  midnight,  called  Trick- 
stone  Bar,  which  was  then  always  passed  with  fear  and 
trembling.^ 

As  late  as  the  year  1814  we  find  a  Parliamentary 
Coimuittee  declaring  the  road  betw^een  CarUsle  and 
Glasgow  to  be  in  so  ruinous  a  bi:ate  as  often  seriously  to 
delay  the  mail  and  endanger  the  lives  of  travellers. 
The  bridge  over  Evan  Water  was  so  much  decayed,  that 
one  day  the  coach  and  horses  fell  through  it  into  the 
river,  when  "  one  passenger  was  killed,  the  coaclunan 
survived  only  a  few  days,  and  several  other  persons  were 
dreadfully  maimed ;  two  of  the  horses  being  also  killed."  * 
The  remauiing  part  of  the  bridge  continued  for  some  time 
mirepaired,  just  space  enough  being  left  for  a  single 
carriage  to  pass.  The  road  tnistees  seemed  to  be  heli>- 
less,  and  did  nothing ;  a  local  subscription  was  tried  and 
failed,  the  disti*ict  passed  through  being  very  poor;  but 
as  the  road  was  absolutely  required  for  more  than  merely 
local  purposes,  it  was  eventually  determined  to  under- 
take its  reconstruction  as  a  work  of  national  imporfcince, 
and  50,000/.  was  granted  by  Parliament  with  this  object^ 
mider  the  provisions  of  the  Act  passed  in  1816.     The 


*  *Lifc  of  RulxTt  Owen,*  by  liini- 

uir. 

-   *ReiK)rt  fruiri  the   Select  Coni- 


niittoe  on  the  Carlisle  and  Glasgow 
Uoiul,'  28th  June,  1816. 
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works  were  placed  under  Mr.  Telford's  charge;  and 
an  admirable  road  was  very  shortly  imder  construction 
between  Carlisle  and  Glasgow.  That  part  of  it  be- 
tween Hamilton  and  Glasgow,  eleven  miles  in  length, 
was  however  left  in  the  hands  of  local  trustees,  as  was 
the  diversion  of  thirteen  miles  at  the  boundary  of  the 
counties  of  Lanark  and  Dimifries,  for  which  a  previous 
Act  had  been  obtained. 

The  length  of  new  line  constructed  by  Mr.  Telford 
was  sixty-nine  miles,  and  it  was  probably  the  finest  piece 
of  road  which  up  to  that  time  had  been  made.  The 
engineer  paid  especial  attention  to  two  points :  first,  to 
lay  it  out  as  nearly  as  possible  upon  a  level,  so  as  to 
reduce  the  draught  to  horses  dragging  heavy  vehi- 
cles,— one  in  thirty  being  about  the  severest  gradient 
at  any  part  of  the  road.  The  next  point  was  to  make 
the  working,  or  middle  portion  of  the  road,  as  firm  and 
substantial  as  possible,  so  as  to  bear,  without  shrinking, 
the  heaviest  weight  likely  to  be  brought  over  it.  With 
this  object  he  s}>ecified  that  the  metal  bed  was  to  be  formed 
in  two  layers,  rising  about  four  inches  towards  the  centre 
— the  l)()tt()ni  course  being  of  stones  (whinstone,  lime- 
stone, or  hard  freestone),  seven  inches  in  depth.  These 
were  to  1)C  carefully  set  by  hand,  with  the  broadest  ends 
ilowii wards,  all  crossbonded  or  jointed,  no  stone  being 
more  than  thiee  inches  wide  on  the  top.  The  spaces  be- 
tween them  were  then  to  be  filled  up  with  smaller  stones, 
packed  by  hand,  so  as  to  bring  the  whole  to  an  even  and 
linn  surface.  Over  this  a  top  cour»'  \v:rs  to  l)e  luitl, 
seven  inches  in  depth,  consisting  of  pro] irrly  brf*ken  liani 
whiiistnnes,  none  exceeding  six  ounce:^  in  weight,  and 
eiuli  to  ]>e  able  to  jiass  through  a  circular  ring,  frw'o  inebes 
and  a  half  in  diameter;  a  binding  of  ;::nivel,  a!x)Ut  an 
iiieh  in  thickness,  l)eing  placed  over  all  A  dniiii  cri)«s<*d 
under  the  bed  of  the  bottom  layer  to  t\n^  niit*<i<le  dheh  in 
c\  cry  hundred  yards.  The  result  was  an  a^lniinibiy  ea^, 
tirm,  and  dry  road,  aipable  of  being  tmvelled  ujiou  in 
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all  weathers,  and  sfcuiding  in  comparatively  small  need 
of  repairs.^ 

Owing  to  the  momitainous  nature  of  the  comitry 
through  which  this  road  passes,  the  bridges  are  im- 
iisually  numerous  and  of  large  dimensions.     Thus,  the 


*  A  similar  practice  was  iutnHlucoil 
in  Ei»«5land  al)uut  the  same  time  by 
Mr.  Maciulani ;  ami,  though  his  nic- 
thiKl  was  uot  so  thorough  as  that  of 
'JVlfbnl,  it  was  usefully  emiiloyal  ou 
urarly  all  the  K-ading  higli  roads  of 
the  kinmloni.     Mr.  Macadam's  atteii- 


J.  L    MACADAM. 

tion  was  first  directed  to  the  subject 
while  acting  as  one  of  the  trustees  of  a 
road  in  Ayrshire.  Afterwanis,  wliile 
enij^loyt'tl  as  Gt)vemment  agent  for 
victualling  the  navy  in  the  western 
parts  of  England,  he  conthuied  the 
study  of  road-making,  keei»ing  in 
view  the  essential  conditions  of  a  com- 
l>{ict  and  durable  sul>stance  and  a 
snKK>th  surface.  At  tliat  time  road 
l(Mxislnti«)n  was  i»rinciiuilly  directai  to 
tlie  breatlth  of  the  wlieels  of  vehicles; 
whilst  Macadam  was  of  opinion  that 
the  main  i>oint  was  to  attend  to 
the  nature  of  tlie  roads  on  which 
they  were  to  travel.  Most  i-oads 
were  then  made  with  gi-avel,  or  flints 
tumbU^l  uiM»n  them  hi  their  natural 
state,  and  so  rounded  that  they  liad 
no  |H»inls  of  contact,  and  raivly  c«.)n- 
snlidale<l.     When  a  heavy  vehicle  of 


any  sort  i»issc<i  over  tliem,  their  loose 
structure  presented  no  resistance ;  the 
roads  were  thus  constantly  standing  in 
need  of  repair,  and  they  were  bad  cTcn 
at  the  best.  He  pointed  out  that  the 
defect  did  not  arise  from  tlio  want  of 
materials,  which  were  not  worn  out  by 
the  traffic,  but  merely  displaced.  The 
l)ractice  he  urgal  was  this :  to  1>reak 
the  stones  into  angular  fragments,  so 
that  a  bed  several  inches  in  de])tli 
shoultl  Ixj  formed,  the  best  ada^itcil 
for  the  puqwse  being  fhigments  of 
granite,  greenstone,  or  basalt;  to 
watch  the  re])airs  of  tlie  road  care- 
fully during  the  process  of  consoli- 
dation, tilling  up  the  inequalities 
causinl  by  the  traffic  {Hissing  over  it, 
until  a  haid  and  level  surlkce  haii 
l>een  obtained,  when  the  rood  would 
hust  for  years  without  further  atten- 
tion. In  1815  Mr.  Macadam  de- 
vt)te<l  himself  with  great  enthusiasm 
to  roadmaking  as  a  profession,  and 
Ix'ing  apix)intcd  surveyoi>gencral  of 
the  Bristol  roatls,  he  had  mil  ojipor- 
tunities  of  exemplif>'ing  bis  system. 
It  pnjved  so  successful  that  the  ex- 
ample set  by  biin  was  quickly  fol- 
lowed over  the  entire  kingdom.  Even 
the  streets  of  many  large  towns  wen* 
MumdamUed,  In  canning  out  his 
impnjvements,  however,  Mr.  Mac- 
adiun  silent  several  thousand  {x>unds 
from  his  own  resources,  and  in  1825, 
having  ])rovetl  this  expenditure  liefore 
a  committee  of  the  House  of  Com- 
mons, the  amount  was  reimbursed  to 
him,  together  with  an  honorary  tri- 
bute of  two  thousand  pounds.  Mr. 
Macailam  dieil  poor,  but,  as  he  him- 
self said,  "at  least  an  honest  man.** 
By  his  indefatigable  exertions  and  liis 
success  as  a  roadmaker,  by  greatly 
saving  animal  lalx>ur,  facilitating  com- 
mercial intercourse,  and  rendering 
travelling  iiisy  and  ex|MHlitiou8,  he 
entitled  liimself  to  the  re]mtation  of  a 
public  U'liefiictor. 


D  ciiAi3<  tmioaK 


FiiMlorn  Hiini  Bridgo  m  of  three  urche-s  one  of  150 
mikI  hvu  of  105  feet  fspan  eiM*Ii.  There  iire  fnnrfecii 
f»tlii»r  liritl;^i%  j>ri!i4i*ii(ing  fvmn  (me  to  tliri*(*  an*hi?H, 
I  if  froiii  20  to  !K>  leet  j^pan,  fiiii  tlie  mo^^t  ]>]efiirL*H(|t]e 
ami  lennukahle  hrulp:?  foiiHtnickMl  by  Telfonl  in  that 
iIiHtri<t  wn^  iijKin  another  hne  t)f  road  snlwtMjuently 
mrrieHl  out  hv  liini,  in  tin*  nppT  |*firt  r^f  ttic  i*ofinty 
of  Lunarkt  nnd  froewinj;  thi"  iiiiiin  huv  of  tin*  (_'suh«le 
riinl  (iliiM^nw  rc»B<l  !ilniut>t  lit  rtprht  unf^li***,  ft«  tiurtheni 
;uhl  i*;i»<tirni  (Mrt  foriiuMi  ii  dirert  line  nf  r^niiuiiuiieatinn 
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between  the  great  cattle-markets  of  Falkirk,  Grief,  and 
Domie,  and  Carlisle  and  the  West  of  England.  It  was 
cjxrried  over  deej:)  ravines  by  several  lofty  bridges,  tbe 
most  formidable  of  which  was  that  across  the  Mouse 
Water  at  Cartland  Crags,  about  a  mile  to  the  west- 
ward of  Lanark.  The  stream  here  flows  through  a  deep 
rocky  chasm,  the  sides  of  which  are  in  some  places 
about  four  hundred  feet  high.  At  a  point  where 
the  height  of  the  rocks  is  considerably  less,  but  still 
most  foimidable,  Telford  spanned  the  ravine  with  the 
beautiful  bridge  represented  in  the  engraving  on  the 
l^receding  page,  its  parapet  being  129  feet  above  the 
surface  of  the  water  beneath. 

The  reconstruction  of  the  western  road  from  Carlisle 
to  Glasgow,  which  Telford  had  thus  satisfactorily  carried 
out,  shortly  led  to  similar  demands  from  the  population 
on  the  eastern  side  of  the  kingdom.  The  spirit  of  road 
reform  was  now  fairly  on  foot.  Fast  coaches  and  wheel- 
cjirriages  of  all  kinds  had  become  greatly  improved,  so 
that  the  usual  rate  of  travelling  had  advanced  from  five 
or  six  to  nine  or  ten  miles  an  hoiu*.  The  desire  for  the 
rapid  conurmnication  of  political  and  commercial  intel- 
ligence was  found  to  increase  with  the  facilities  for 
supplying  it ;  and,  urged  by  the  public  wants,  the  Post- 
Office  authorities  w^ere  stimulated  to  unusual  efforts  in  this 
direction.  Numerous  surveys  were  made  and  roads  laid 
out,  so  as  to  improve  the  main  line  of  communication 
l)etween  London  and  Edinbiu'gh  and  the  intermediate 
towns.  The  first  part  of  this  road  taken  in  hand  was 
the  worst — that  lying  to  the  north  of  Catterick  Bridge, 
in  Yorkshire.  A  new  line  was  surveyed  by  West  Auck- 
land to  Hexham,  passing  over  Carter  Fell  to  Jedbm'gh, 
and  thence  to  Edinburgh ;  but  rejected  as  too  crooked 
and  uneven.  Another  was  tried  by  Aldstone  Moor  and 
Bewcastle,  and  rejected  for  the  same  reason.  The  third 
line  proposed  was  eventually  adopted  as  the  best^  passing 
from  Morpeth,  by  Wooler  and  Coldstream,  to  Edinburgh; 
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saving  rather  more  than  fourteen  miles  l)etween  the  two 
jM)intH,  and  Keeuring  a  line  of  road  of  much  more  favour- 
able gradients. 

The  ])rin(dpal  bridge  on  this  new  highway  was  at 
Pathhead,  over  the  Tyne,  about  eleven  miles  soutli  of 
Edinburgh.  To  maintain  the  level,  so  as  to  avoid  the 
winding  of  the  road  dowTi  a  steep  descent  on  one  side 
of  the  valley  and  up  an  ecpially  steep  ascent  on  the 
other,  Telford  ran  out  a  lofty  embankment  from  both 
sitles,  connecting  their  ends  by  means  of  a  spacious 
bridge.  The  structure  at  Pathhead  is  of  five  arches, 
each  .")()  feet  span,  with  25  feet  rise  from  their  springing, ' 
V^  feet  above  the  bed  of  the  river.  Bridges  of  a  similar 
chanicter  were  also  thrown  over  the  deep  ravines  of 
Cranston  Dean  and  (V)tty  Burn,  in  the  same  neighbour- 
IkmhI.  At  the  sjime  time  a  useftil  bridge  was  built  on 
the  siime  line  of  road  at  Morj^eth,  in  Northumberland, 
over  the  river  Wansbeck.  It  consisted  of  three  arches, 
of  wJiich  the  (»entre  one  was  50  feet  span,  and  two  side- 
arches  40  feet  each  ;  the  breadth  l)etween  the  parapets 
U'ing  ;J0  feet. 

The  advantages  derive<l  from  the  construction  of  these 
iH»w  roads  wen»  found  to  l>e  so  great,  that  it  was  pro- 
|Mi>ed  to  do  th(»  lik(»  for  the  remainder  of  the  line 
I  ('tween  bunion  and  Edinburgh;  and  at  the  instance 
of  the  Pnst-Ortice  authorities,  with  the  s;inction  of  the 
'i'reasury,  Mr.  Telford  ])roceeded  to  make  detailed  sur- 
veys of  an  entire  new  post-road  l^etween  London  and 
Mor|K'th.  In  laying  it  out,  the  mahi  points  which  he 
<'ii<lravoun»d  to  secure  were  directness  and  flatness; 
:md  100  miles  of  th(»  ])roi)osed  new  (ireat  North  Road, 
south  of  York,  were  laid  out  in  a  j)erfectly  straight  line. 
'Hiis  survey,  which  was  begim  in  1824,  extended  over 
sevenil  yt»ars ;  and  all  the  requisite  arrangements  liad 
been  made  for  b(»ginning  the  works,  when  the  result  of 
tbr  lo<omotiv(*  com|>etition  at  Kainhill,  in  1829,  had 
tb«'  efl'rct  of  directing  attention  to  that  new  method  of 
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travelling,  fortimatcly  in  time  to  prevent  what  would 
have  proved,  for  the  most  part,  an  mineeessary  expendi- 
ture, on  works  soon  to  be  superseded  by  a  totally  different 
order  of  things. 

The  most  important  road-improvements  actually  car- 
ried out  under  Mr.  Telford's  immediate  superintendence 
were  those  on  the  western  side  of  the  island,  with  the 
object  of  shortening  the  distance  and  facilitating  the 
communication  between  London  and  Dublin  by  way  of 
Holyhead,  as  well  as  between  London  and  Liverpool. 
At  the  time  of  the  Union  the  mode  of  transit  between 
the  capital  of  Ireland  and  the  metropolis  of  the  United 
Kingdom  was  tedious,  difficult,  and  fiill  of  peril.  In 
crossing  the  Irish  Sea  to  Liverpool,  the  packets  were 
frequently  tossed  about  for  days  together.  On  the 
Irish  side  there  was  scarcely  the  pretence  of  a  ix)rt, 
the  landing-place  being  within  the  bar  of  the  river 
Liffey,  inconvenient  at  all  times,  and  in  rough  wea- 
ther extremely  dangerous.  To  avoid  the  long  voyage 
to  Liverpool,  the  passage  began  to  be  made  from  Dublin 
to  Holyhead,  the  nearest  point  of  the  Welsh  coast. 
Arrived  there,  the  passengers  were  landed  upon  rugged, 
unprotected  rocks,  without  a  pier  or  landing  conveni- 
ences of  any  kind.*  But  the  traveller  s  perils  were 
not  at  an  end, — comparatively  speaking  they  were  only 
begun.  From  Holyhead,  across  the  island  of  Anglesea, 
there  was  no  made  road,  but  only  a  miserable  track, 
circuitous  and  craggy,  full  of  terrible  jolts,  round  bogs 
and  over  rocks,  for  a  distance  of  twenty-four  miles. 
Having  reached  the  Menai  Strait,  the  passengers  had 


*  A  <liary  is  preserved  of  a  journey  ,  of  the  account  is  strikingly  set  forth 

to   Dublin   troiii   Gn^venor   Square,  i  in  tlie  following  entries:   "Ferry  at 

Lomlou,  litli  Jun<»,  1787,  in  a  coach  I  Bangor,  1/.  10«. ;  expenses  of  the  yacht 

and    four,   accoinpanieil   l)y   a    jK>st-  i  hired  to  carry  the  party  across  the 

chaise  and  ])air,  and  five  outriders.  '  channel,  2SL  Is.  9d. ;  auty  on   tlie 

The  party  rc*a(he<l  Holyhead  in  four  |  coach,  7/.  13a.  id,;  boats  on  shoit^. 


days,  at  a  cost  of  75/.  lis.  3d.  The 
state  of  intercourse  Ix'tween  this  coun- 
try and  tlie  sister  island  at  this  part 


1/.  1«.:  total,  114/.  38.  -W.^—Ro- 
berts's  •  Social  History  of  the  Southern 
(^ounties,'  p.  504. 
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np:ain  to  take  to  an  open  ferry-boat  before  they  could 
gjiin  the  main  land.  The  tide  ran  with  great  rapidity 
through  the  Strait,  and,  when  the  wind  blew  strong,  the 
bojit  was  liable  to  l)e  driven  for  up  or  down  the  channel, 
and  wa8  Kometimes  swamped  altogether.  The  perils 
of  the  Welsh  roads  had  next  to  be  encountered,  and 
these  were  in  as  bad  a  condition  at  the  beginning  of 
the  present  century  as  those  of  the  Highlands  above 
descril)ed.  Through  North  Wales  they  were  rough, 
narrow,  steep,  and  unprotected,  mostly  imfenced,  and 
in  winter  almost  impassable.  The  whole  traffic  on  the 
road  l)etween  Shrewsbury  and  Bangor  was  conveyed  by 
a  small  cart,  which  passed  between  the  two  places  once 
a  week  in  Kummer.  As  an  illustration  of  the  state  of 
the  roads  in  South  Wales,  which  were  quite  as  liad  as 
those  in  the  North,  we  may  state  that^  in  1803,  when 
the  late  Ix)rd  Sudeley  took  home  his  bride  from  the 
ncip^hbourhood  of  Welsh|X)ol  to  his  residence  only  thir- 
teen miles  distant,  the  cjirriage  in  which  the  newly 
married  ])air  rode  stuck  in  a  quagmire,  and  the  occu- 
I  Mints,  having  extricated  themselves  from  their  perilous 
situation,  i>erformed  the  rest  of  their  journey  on  foot. 

The  fii*st  step  taken  was  to  improve  the  landing- 
places  on  lx)th  the  Irish  and  Welsh  sides  of  St.  George's 
diannel,  and  for  this  pur]X)se  Mr.  Rennie  was  employed 
in  ISOl.  The  result  was,  that  Howth  on  the  one  coast, 
and  II«)lyhead  on  the  other,  were  fixed  upon  as  the  most 
ohVil»Ie  sites  for  j)5icket  stations.  Improvements,  how- 
ever, j)rocee<le<l  slowly,  and  it  was  not  imtil  1810  that  a 
sum  of  10,000/.  was  granted  by  Parliament  to  enable 
the  necessary  works  to  Ikj  liegun.  Attention  was  then 
turned  to  the  state  of  the  rtmds,  and  here  Mr.  Telford's 
K»rvi(^»s  were  i^jilled  into  requisition.  As  early  as  1808 
it  had  Ikhmi  detennined  by  the  Post-Office  authorities 
to  put  on  a  mail-i'ojirh  l>etween  Shrewsbury  and  Holy- 
iii^ad ;  but  it  was  |M>inted  out  that  the  roads  in 
North  Wales  wt're  m  rude  and  dangerous  that  it  was 

2  K  2 
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doubtful  whether  the  service  could  be  conducted  in 
safety.  Attempts  w^ere  made  to  enforce  the  law  with 
reference  to  their  repairs,  and  no  less  than  twenty-one 
townships  were  indicted  by  the  Postmaster-General. 
The  route  was  found  too  perilous  even  for  a  ridinp^ 
post,  the  legs  of  three  horses  having  been  broken  in  one 
vveek.^  The  road  across  Anglesea  w^as  quite  as  bad. 
Sir  Henry  Parnell  mentioned,  in  1819,  that  the  coach 
had  been  overturned  beyond  Gwynder,  going  down  one 
of  the  hills,  when  a  friend  of  his  was  throi;\Ti  a  consi- 
derable distance  from  the  roof  into  a  pool  of  water. 
Near  the  post-office  of  Gwynder,  the  coachman  had 
been  thrown  from  his  seat  by  a  violent  jolt,  and  broken 
his  leg.  The  post-coach,  and  also  the  mail,  liad  been 
overturned  at  the  bottom  of  Penmyndd  Hill ;  and  the 
route  was  so  dangerous  that  the  London  coaclmien,  w4i<^ 
had  been  brouglit  down  to  "  work  "  the  country,  refuse<l 
to  continue  the  duty  because  of  its  excessive  dangers. 
Of  course,  anything  like  a  regular  mail-service  through 
such  a  district  was  altogctlier  impracticable. 

Tlie  indictments  of  the  townships  proved  of  no 
use ;  the  localities  were  too  poor  to  provide  the  means 
required  to  construct  a  line  of  road  sufficient  for  tlie  con- 
veyance of  mails  and  passengers  between  England  and 
Ireland.  The  work  was  really  a  national  one,  to  Ixj 
carried  out  at  the  national  cost.  How  was  this  best 
to  be  done?  Telford  recommended  that  the  old  road 
between  Shrewsbury  and  Holyhead  (109  miles  long) 
should  be  shortened  by  about  four  miles,  and  made  as 
nearly  as  possible  on  a  level ;  the  new  line  proceeding 
from  Shrewsbury  by  Llangollen,  Corwen,  Bettw»-y- 
Coed,  Capel-Curig,  and  Bangor,  to  Holyhead.  Mr. 
Telford  also  proposed  to  cross  the  Menai  Strait  by 
means  of  a  cast  iron  bridge,  hereafter  to  be  described. 


'  *  Second  Uqx)rt  from  Committee  on  Holyhead  Roads  and  Harbouni,'  1810. 

(I*urliami'ntary  juiikt.) 
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Although  a  complete  survey  was  made  in  1811,  no- 
thing  wtis  done  for  several  years.  The  mail-coaches 
continued  to  be  overturned,  and  stage-coaches,  in  the 
tourist  season,  to  break  down  as  before.^  The  Irish 
mail-coach  took  forty-one  hours  to  reach  Holyhead  from 
the  time  of  its  setting  out  from  St.  Martin's-le-Grand ; 
the  journey  was  performed  at  the  rate  of  only  6|  miles 
an  hour,  the  mail  arriving:  in  Dublin  on  the  third  day. 
The  Irish  members  made  jn;iny  ecuniilaint^  of  Uu*  i\v\ny 
and  dangers  to  which  thev  were  expo^st'd  in  travelling 
u|)  to  town.  But,  althougli  there  v^im  much  dl'^euMJsioij, 
there  wa,s  no  money  voted  until  the  year  IB  15,  wlieii 
?^ir  Henry  Parnell  vigorou^ly  took  the  (|ne»tioij  in  hand 
and  successfully  carried  it  througlu  A  lioanl  of  Parlia- 
mentary Commissioners  wan  appnint*?d,  of  wliich  lie  wh8 
chairman,  and,  under  their  dirtntio!!,  the  new  Shrews- 
bury and  Holyhead  road  \vn8  at  length  coiiimenced  and 
carried  to  completion,  the  wurkg  extending  over  a  ihuichI 
of  about  fifteen  years.  Tlu^  t«init?  CommisKioncrs  exer- 
cised an  authority  over  the  n>adfci  bt^twecn  Londmi  and 
Shrewsbury;  and  numerniis  iMi{>ruvemeiits  were  iilm-i 
made  in  the  main  line  at  various  poiiits  with  the  object 
of  facilitating  conmiunicutioii  iK'tween  l^ondon  anil 
Liverpool,  as  well  as  between  London  and  Dnliliin 


'   Many  |«irtH   of  the  road  are  ex-  f^Jtiiu*    jiri'cijik^'ji,    »tc«>}i    yUn^    tmd 

trtiiH'ly   <LiiigerL»us    fur    a    ciioch    tn  dtflkult    niirmw     titrmng^.       From 

travel  nin.m.      At  sevenil   phice«  1h»  Curwtui    to    Lluftg^jlU'ii    tW    ruik)    in 

t\v«in   lian^Mr  ami  Cajn-l-Curig  then*  vt^ry  immm,  Liji:^  aiifl  sttK"!!;  htm  iju 

an*  a  iiuiiiIht  of  ilan|j;erou8  ]>recipia«  |    MtUy  k'nct\  itXtX'i*X  fiUnH  a  ktitf  lUJiJ  t 

without   fillers,  ixcluHive   of  variuU--*  |    hftlf  *.»f  mowU  ur  4irt,  wkich  i*  tliivwii 

hilLs    that    want   taking  down.      At  tiji  to  pn^veiit  i'arri/jj^iii  fulliit^  dnwn 

<  >;iwtn  Tool  there  w  a  very  dangeroiH  thnv  or  four  liiu.^iriKi  drt  irjlutiip  rinT 

plarr  where  the  water  run.s  over  tht*  iKv,      h;                    <    Iiavw    l»3eii  fnr- 

ni,ul,    I'Xtnniely  difticult  to  jjaw   at  '    ijuentlv  ^v    :            :  :i{A  bn>Wi  (V^wii 

il<«i«ie*l  tinie«.     Then  then?  w   Dinan  tri +!u  t he  txM Iir-*«  <,♦(  lli¥  R«iii,  and  tW 

1  lilt,  that  nettl.H  a  siile  fence  agaiuMt  A  niiuU  havt^  iMtii  uvertanifvi ;    lint    J 

d«-«|»    pntipioe.      The   width   of  tike  w*oi>dirr  timt  man*  atni  Wiww  AcciiifiiCn 

Tinui  is  not  al»ove  twelve  feet  in  th«'  hav*.*  in.*t  hnj»jM/iieil,  liw?  r«wi»  lire  to 

>t.'«'|n->*t  i«rt  of  the  hill,  and  two  car-  twd*— *  Kvid*»iM\'     af     Mr.     Wiltiiiai 

ria^leH  canni»t  |tt.s8  without  the  greatcni  Akf?rR,  uf  tli#*  |V*M  »flifft,  bffon*  V*jmr 

•  iaii^er.     iW'twwn  thiu  hill  and  Kbyd-  mittw?   of  tJa*    Uuune   tif    CuinmofUi, 

'il.ihluir  there  are  a  nuiiilier  of  dair-  lint  June,  lii\X 
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The  rugged  nature  of  the  coiiiitiy  through  whicli  the 
new  road  passed,  along  the  slopes  of  rocky  precipices 
and  across  inlets  of  the  sea,  rendered  it  necessary  to  build 
nrany  bridges,  to  form  many  embankments,  and  cut  away 
long  stretches  of  rock,  in  order  to  seciu'e  an  easy  and  com- 
modious route.  The  line  of  the  valley  of  the  Dee,  to  the 
west  of  Llangollen,  was  selected,  the  road  proceeding 
along  the  scjirped  sides  of  the  mountains,  crossing  from 
[)oint  to  point  l)y  lofty  embankments  where  nec^issary ; 
and,  taking  into  account  the  character  of  the  country, 
it  must  be  acknowledged  that  a  wonderfully  level  road 
was  secured.  Whilst  the  gradients  on  the  old  road  had 
in  some  cases  been  as  steep  as  1  in  Gi,  passing  along 
the  edge  of  unj)rotected  precipices,  the  new  one  was  so 
laid  out  as  t(j  be  no  more  than  1  in  20  at  any  part, 
while  it  was  wide  and  well  protected  along  its  whole 
extent.  Mr.  Telford  pursued  the  same  system  that  he 
had  adopted  in  the  formation  of  the  Carlisle  and  Glas- 
gow road,  as  regards  metalling,  cross-draining,  and 
fence-walling ;  for  the  latter  piu'pose  using  schistus,  or 
slate  rubble-work,  instead  of  sandstone.  Tlie  largest 
bridges  were  of  iron ;  that  at  Bettws-y-Coed,  over  tlie 
Conway — culled  the  Waterloo  Bridge,  constructed  in 
1815 — being  a  very  fine  bj)ecimen  of  Telford's  iron 
bridge-work. 

Those  parts  of  the  road  whicli  had  been  the  most 
dangerous  were  taken  in  hand  first,  and,  by  the  year 
181!),  the  route  had  l)een  rendered  comparatively  com- 
modious and  safe.  Angles  were  cut  off,  tlie  sides  of 
hills  were  blasted  away,  and  several  heavy  embank- 
ments run  out  across  formidable  arms  of  the  sea.  Thus, 
at  Stanley  Sands,  near  Holyhead,  an  embankment  was 
lormed  iliOO  yards  long  and  16  feet  high,  with  a  width 
of  :{4  feet  at  the  toj),  along  which  the  road  was  laid. 
Its  breadth  at  the  base  was  114  feet,  and  both  sides 
were  coated  with  rubble  stones,  as  a  protection  against 
storms.     By  the  adoption  of  this  expedient,  a  mile  and 
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a  half  was  Kivcd  in  a  distance  of  six  miles.  Heavy 
enibankniente  were  also  run  out,  where  bridges  were 
thrown  across  chasnLs  and  ravines,  to  maintain  tlie 
general  level.  From  Ty-Gwynn  to  Lake  Ogwen,  the 
road  along  the  face  of  the  rugged 
hill  and  across  the  river  Ogi^'en 
was  entirely  new  made,  of  a 
uniform  width  of  28  feet  be- 
tween the  parajHJts,  with  au  In- 
ch nation  of  only  1  in  22  in  the 
stco|K\st  phice.  A  bridge  was 
thrown  over  the  dee[»  chasin 
forming  the  channc !  of  tlie 
Ogwcn,  the  emb;inkment 
being  cjirried  forward  fnmi 
the  nK,»k-cutting,  ]  nutoctcd 
by  high  breastworks,  I^'roiii 
('a|)el-(^mg  to  near  the 
i^rcat  waterfall  over  the  river 
Lugwy,  alnnit  a 
mile  of  new  road 
was  cut ;  and  a  still 
LT^Mtrr  length  from 
Utttws  across  the 
river  Conway  an<l 
along  the  fa(H»  of 
DinasnilltoHlmb 
dhmfair,  a  distance 
of  .'{  miles,  its  st(»cjH 
ot  <lcs4*cnt  being 
I    in   22,  diminish-  r.-.r.N,  i 

in«j:  to  1  in  .1').    Hy  c^y.Tr.w.  ...uou] 

this  improvement,  the  most  dilKcult  and  dsuigerous  {lass 
along  tli(i  route  through  North  Wales  was  rendered  safe 
and  connnodious.  Another  }K)int  of  almost  eipiul  diflS- 
•  ulty  tM-curred  near  Ty-Nant,  through  the  rocky  {)aMB  of 
iilynn    DuflVws,  where  the  road  was  confined  between 
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sk»('|)  rocks  and  rug<^ed  ])rocipices :  tliere  the  way  was 
wideiKMl  and  flattened  by  Wastinfr,  and  thus  rediice<l  to 


the  general  level ;  and  so  on  eastward  to  Llanjj^ollen 
and  Chirk,  where  the  main  Shrewsbury  road  to  London 
was  joined/ 


'  'riu>  Si'lcrt  Coiinnittw  of  tlie 
II«»iis«.*  orCnimnons,  in  r«*iM.)rtinj;  as  to 
llu'  inMiiiuT  ill  which  tlu^so  works 
were  ('.nno<l  out,  stut^-fl  as  I'ollows  : — 
**'rii('  protcssiniial  (tx<'<'iilion  of  the 
new  works  iijmhi  tins  roa«l groat lysiir- 
jKisses  anything  (»!"  the  sjiine  kiinl  in 
these  eouiitries.  Tlie  s<-ienee  which 
has  b«'cn  disphiye«l  in  i;ivin«^  the 
l^eneral  hne  of  th«'  road  a  proixT  in- 
(linatioii  thron^^h  a  eountry  whose 
whole  surlaec  consists  of  a  snccession 
nf  rocks,  buirs  ravines,  rivers,  and 
pn-cipices,  rellc<'ts  tlie  ^ri.-iitest  credit 
iip<»n  th«'  cii^inrer  who  has  |)lanne<l 
theiii:  hilt  perhaps  a  still  ^ivjiter  dv- 
^Mi'«'  vi'  profi'ssioiiMJ  skill  has  Ih-cii 
shnuii  ill  tJK'  coiisinidinii,  i»r  rather 
tin-  l)iiiMiiin,  «>f  the  n»ad  itself.     'J'he 


^reat  att«'ntion  which  Mr.  IVlfonl 
has  lK'stowe<l  to  <;ive  to  the  Burliuv  «»f 
the  road  one  uniform  and  nioilerately 
Cijiivex  shaiK?,  fn.i»  frum  the  siimlh-st 
inequality  thrtrnghout  its  whole 
breadth;  the  nuuierous  hind  drains, 
and,  when  ni'cessiir)',  shores  and  tun- 
n<'ls  of  siilistnntial  masonry,  with 
which  all  the  water  arisini:  from 
sprin<;s  or  falling;  in  rain  is  instantly 
earrietl  oil";  the  gniit  cjin»  with  wliich 
a  suihcient  loumlation  is  estahlislurd 
tor  the  road,  and  the  ciuality,  S(»lidity, 
and  di8})()sition  of  the  matorials  that 
are  put  upon  it,  are  matters  quite  new 
in  the  system  <if  rutulmakint;  in  tfies** 
countries." — *  Heiiort  fnim  the  Seleet 
foniniittiH.^  on  the  Ihmd  from  Uiudoii 
to  Molvheail  in  the  war  1811».' 
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IJy  means  of  these  adniinible  roads  the  traffic  of 
North  Wales  continues  to  he  mainlv  carried  on  to  this 
day.  Althouf^h  railways  have  sujHjrseded  coach-roads 
in  the  more  level  districts,  the  hilly  nature  of  Wales 
precludes  their  formation  in  that  quarter  to  any  con- 
siderable extent;  and  even  in  the  event  of  railways 
U^njif  constructed,  a  larji^e  jxirt  of  the  traffic  of  every 
country  must  necesssirily  continue  to  pass  over  the  old 
hijrh  rojids.  Without  them  even  railways  would  be  of 
(.•omparatively  little  value;  for  a  niilway  station  is  of 
ust?  chieHy  becrause  of  its  easy  accessibility,  and  thus, 
b(»th  for  ])assenjjcci*s  and  merchandise,  the  common  roads 
of  till*  country  are  as  useful  as  ever  they  were,  though 
tht»  main  post-roads  have  in  a  great  measure  ceased  to 
Ih»  emplovi'd  for  the  puriK)se  for  which  they  were 
ori;j:inally  designed. 

The  (»xivllence  of  the  roads  constructed  by  Mr.  Tel- 
ford through  the  fonnerly  inacc*essible  coimties  of  North 
Wales  was  the  theme  of  general  praise ;  and  their  su|)e- 
riority,  compared  with  those  of  the  richer  and  more  level 
districts  in  the  midland  and  western  English  counties,  be- 
roiniiig  the  subject  of  |)ubli<-  comment,  he  was  csdled  U{)on 
to  execute  lik(»  improvements  \i\xm  that  jxirt  of  the  post- 
road  wlii<h  extended  l»etween  iShrewsburj'  and  the  metro- 
pi  »1  is.  A  can^ful  survey  was  made  of  the  several  routes 
iVoiii  Ltmdon  northward  by  Shrewsbury  as  far  as  Liver- 
pun  I ;  and  th(»  short  line  by  Coventry,  being  153  miles 
iVniii  London  to  Shrewsbury,  was  selected  as  the  one  to  be 
iiiiprnved  to  the  utmost.  Down  to  1819  the  rosid  between 
Loudon  and  Coventry  was  in  a  very  bjid  state,  being  so 
l:iid  as  to  U'come  a  heavy  slough  in  wet  weather.  There 
were  also  many  steep  hills  to  Ini  cut  down,  in  some  parts 
(►t'deep  clay,  in  others  deep  san<l.  A  mail-coach  hsul  been 
tried  to  Hanburv;  but  the  road  l»elow  Aylesbury  was  so 
li;i»L  that  the  Post-( )flice  authorities  were  obliged  to  give 
it   np.     The  twelve  nn'les  from  Towcc»ster  to  Daventry 
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were  still  worse.  The  line  of  way  was  covered  witli 
banks  of  dirt ;  in  winter  it  was  a  puddle  of  fi"om  four  to 
six  inches  dee|j — quite  as  bad  as  it  had  been  in  Arthur 
Yoimg's  time ;  and  when  horses  passed  along  the  road, 
they  came  out  of  it  a  mass  of  mud  and  dirt.^  There  were 
also  several  steep  and  dangerous  hills  to  be  crossed. 
The  loss  of  horses  by  fatigue  in  travelling  by  that 
route  was  represented  at  the  time  to  be  very  great. 
Even  the  roads  in  the  immediate  neighbourhood  of  the 
metropolis  were  little  better,  those  under  the  Ilighgate 
and  IIam2)stead  trust  being  pronounced  in  a  wretched 
stiite.  They  were  badly  formed,  on  a  clay  bottom,  and 
being  undrained,  were  almost  always  w^et  and  slopi)y. 
The  gravel  was  usually  tumbled  on  and  spread  unbroken, 
80  that  the  materials,  instead  of  becoming  consolidated, 
were  only  rolled  about  by  the  wheels  of  the  carriages 
passing  over  them.  Mr.  Telford  applied  the  same 
methods  in  the  reconstruction  of  these  roads  that  he  had 
already  adopted  in  Scotland  and  Wales,  and  the  sime 
improvement  was  shortly  experienced  in  the  more  ea«y 
passage  of  vehicles  of  all  sorts  and  the  great  accelenition 
of  the  mail  service. 

In  addition  to  the  reconstruction  of  these  roads,  that 
along  the  coast  from  Bangor,  by  Conway,  Abergele, 
St.  Asaph,  and  Holywell,  to  Chester,  was  greatly  im- 
proved. It  formed  the  mail  road  from  Dublin  to  Liver- 
pool, and  it  was  considered  of  importance  to  render  it  as 
sjife  and  level  as  possible.  The  principal  new  cuts  on 
this  line  were  those  along  the  rugged  skirts  of  the  huge 
Penmaen-Mawr ;  around  the  bise  of  Penmaen-Bach  to 
•the  town  of  ('on way  ;  and  between  St.  Asaph  and  Holy- 
well, to  case  the  ascent  of  ]lhyall  Hill.  But  more 
important  than  all,  as  a  means  of  completing  the  main 


'  Kviilonco  of  William  Wiiterhuusc  before  the  Select  CouiiuitU'e,  10th  Matx;li, 
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line  of  communication,  there  were  the  great  bridges 
over  the  Conway  and  the  Menai  Straits  to  be  constructed. 
These  dangerous  ferries  had  still  to  be  crossed  in  open 
boats,  sometimes  in  the  night,  when  the  luggage  and 
mails  were  exjx)sed  to  great  risks,  and  passengers  occa- 
sionally lost  with  them.  It  was  therefore  determined, 
after  long  considenition,  to  erect  bridges  over  these 
fonnidable  straits,  and  Mr.  Telford  was  employed  to 
execute  the  works, — in  what  manner  we  propose  to 
deseribe  in  the  succeeding  chapter. 


4-i-l 
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CHAPTER    XII. 


The  Menai  and  Conway  Bridges. 


The  erection  of  a  bridge  over  the  Straits  of  Menai  had 
long'  been  mntter  of  s])eculation  amongst  engineers.  As 
early  as  1770  Mr.  (Jolborne  proposed  liis  plan  of  an  em- 
bankment, with  a  bridge 
in  the  middle  of  it ;  and  a 
few  years  later,  in  1785, 
Mr.  Nichols  proposed  a 
wooden  viaduct,  fur- 
nished w^ith  diTiwbridges, 
at  Cadnant  Island.  Later 
still,  Mr.  Rennie  proposed 
his  design  of  a  cast  iron 
bridge.  But  none  of  these 
plans  were  carried  out, 
and  the  whole  subject  re- 
mained in  abeyance  until 
the  year  1810,  when  a 
commission  was  appoint- 
ed to  inquire  and  report 
as  to  the  state  of  the  roads 
between  Shrewsbury, 
Chester,  and  Holyhead, 
The  result  was,  that  Mr, 
Telford  was  called  upon 
to  report  as  to  the 
most  effectual  method  of 
bridging  the  Menai  Strait,  and  thus  completing  the  com- 
munication with  tlie  port  of  embarkation  for  Ireland. 
Mr.  Telford  submitted  alternative  plans  for  a  bridge 
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over  the  Strait :  one  at  the  Swilly  Rock,  confiisting  of 
three  c;i-st  iron  arches  of  2G0  feet  span,  \vith  a  stoiKi 
arch  of  100  feet  span  between  each  two  iron  ones,  to 
i*esist  their  latenil  thrust ;  and  another  at  Ynys-y-moch, 
to  which  he  himself  attached  the  preference,  consistifif^ 
of  a  single  cast  iron  arch  of  500  feet  span,  the  cro\\  n 
of  the  arch  to  he  100  feet  above  high  water  of  spring 
tides,  and  the  breadth  of  the  roadway  to  be  40  feet. 


^ 


IKIr-KDH    HWiX^.SED  CAST    IFUjS    BRIIXiK. 


The  principal  objection  taken  to  thiH  plan  by  eii|piieerH 
genemlh%  wn«  the HUpjMJKcd diflitulty  of  emeting a  [>rojK.*r 
centering  to  mipport  the  arch  during  eonj^tmction  ;  and 
the  mmle  by  wliich  Mr*  Telford  prnjKMsed  to  nverct»Tui3 
thiM  iiuiy  hv  cited  in  illuHtmtion  of  \m  muly  ingenuity 
under  such  cin'iinistHiHi?^,  He  prujKiHed  tcj  8U>ijH?ud  the 
ci^nf faring  from  al Hive  instead  of  support! T\g  it  from  U*low 
lu  the  \mui\  iniuiner— a  wntrivanoa  altt  nv:nds  trvisrd 
by  another  very  likilful  engiucer^  the  kte  Mi\  BnmeL 
Fniuit*H,  fifty  fe*H  high,  were  to  be  erected  on  the  top  of 
ihv  jilrutiru^nt*i,  and  an  these  Btrong  bkickH,  or  n>ller*»  mul 
I'liaiuH,  were  to  lie  fixeil,  by  mean»  of  wliiclii  and  by  tJio 
aiti  t»f  windlaif^es  and  other  mechaniok]  powens  esieb 
K^jKirat*!  [liecx*  of  centering  wan  to  b©  raised  into,  uad 
rsiuijuiided  irif  it^  i>n>|HT  pbee.     Mr.  Tellbrd  regarded 
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this  method  of  constructing  centres  «i8  applicfible  to  stone 
as  well  as  to  iron  arches ;  and  indeed  it  is  applical)le,  as 
Mr.  Brunei  lield,  to  the  building  of  the  arch  itself/  Mr. 
Telford  anticipated  that,  if  the  method  reconmiended  bv 
him  were  successfully  adopted  on  the  large  scale  proposed 
at  Menai,  all  difficulties  with  regard  to  carrjnng  bridges 
over  deep  ravines  would  be  done  away  wnth,  and  a 
new  era  in  bridge-building  begim.  For  this  and  other 
reasons — but  chiefly  because  of  the  much  greater  dura- 
biHty  of  a  cast  iron  bridge  compared  with  the  suspension 
bridge  afterwards  adopted — it  is  matter  of  regi-et  that 
he  was  not  j)ennitted  to  carry  out  this  novel  and  grand 
design.  It  was,  however,  again  objected  by  mariners 
that  the  bridge  would  seriously  aifect,  if  not  destroy,  the 
navigation  of  tlie  Strait ;  and  this  plan,  like  Mr.  Rennie's, 
Avas  eventually  rejected. 

Several  years  passed,  and  during  the  interval  Mr. 
Telford  was  consulted  as  to  the  construction  of  a  bridge 
over  Rimcorn  Gap  on  the  Mersey,  above  Liverpool.  As 
tlie  river  was  there  about  twelve  hundred  feet  wide,  and 
much  used  for  purposes  of  navigation,  a  bridge  of  the 
ordinary  construction  was  foimd  inapplicable.  But  as 
lie  was  required  to  funiish  a  plan  of  the  most  suitable 
structure,  he  proceeded  to  consider  how  the  diflSculties 

*  111  an  article  in  tlic  *E(linburgli  j  pieces  of  fifty  feet  each;  and  by  iii- 
Hcview,'  Xo.  cxli.,  from  the  ix?n  of  creaaing  the  number  of  susixmclin^ 
Sir  David  Jirewster,  the  writer  ob-  i  chains,  tliese  separate  pieces  or  vous- 
scrvcs: — "Mr.  lelforcrs  j>rinciple  of  '  soirs  having  been  previously  joincil 
Riisix^nding  and  laying  down  from  \  together,  either  temiwrarily  or  penna- 
alH)ve  the  centering  of  stone  and  iron  I  nently,  by  cement  or  by  cuLmi«, 
bridges  is,  wo  think,  a  much  more  might  be  laid  into  their  plaoe,  and 
fertile  one  than  even  he  himself  sup-  |  keja  there  by  a  single  cham  till  the 
]x>sed.  With  modifications,  by  no  |  road  was  completed.  The  Youssoirs, 
means  considerable,  and  certainly  when  united,  might  be  suspended 
l)rattic4il)le,  it  ai)pears  to  us  that  the  '  fn»m  a  general  chain  across  the  arch- 
vunssoirs  or  arcli-stones  might  them-  way,  and  a  platform  could  be  aiided 
selves  Ik;  laid  down  from  above,  and  1  to  facilitate  tne  opratious."  ITiis  is 
sus]X'n(l<.'<l  by  an  apjiropriate  mechan-  i  as  nearly  as  possible  the  plan  after- 
ism  till  tlie  keystone  was  insi*rted.  ^  wards  revived  by  Mr.  Brunei,  and 
If  we  su Pilose  the  centering  in  Mr.  |  for  the  originality  of  which,  we  bc- 
'reltord's  plan  to  1k'  of  iron,  this  een-  ,  lieve,  he  iins  generally  the  credit, 
tering  itself  lx>romes  an  inni  bridge,  though  it  clearly  Ix^longs  to  Telfonl. 
each  rib  «»f'  whieh  is  comi)osed  of  ten 
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of  the  case  were  best  to  be  met.  The  only  practicable 
plan,  he  thought,  was  a  bridge  constructed  on  the  prin- 
ciple of  HUfljKjnsion.  Expedients  of  this  kind  had  long 
l>een  emiJoyed  in  India  and  America,  where  wide  rivers 
were  crossed  by  means  of  bridges  formed  of  ropes  and 
chains ;  and  even  in  this  country  a  suspension  bridge, 
though  of  a  very  rude  kind,  had  long  been  in  use  near 
Middleton  on  the  Tees,  where,  by  means  of  two  common 
chains  stretched  across  the  river,  upon  which  a  footway 
of  lK>ards  was  laid,  the  colliers  were  enabled  to  pass 
from  their  cottages  to  the  colliery  <m  the  opposite  bank. 
( 'aptain  (afterwards  Sir  Samuel  Brown)  took  out  a  patent 
for  fonning  suspension  bridges  in  1817;  but  it  appears 
that  Telford's  attention  had  been  directed  to  the  subject 
i>efore  this  time,  as  he  was  first  consulted  respecting  the 
Ihmcom  Hridge  in  the  year  1814,  when  he  proceeded  to 


make  an  elai)orate  series  of  experiment**  on  the  tenacity 
of  wrought  iron  Imrs,  with  the  object  of  employing  this 
material  in  his  j)ro|>oscd  stnicture.  After  he  had  mAde 
upwards  of  two  hnndrcd  tests  of  malleable  iron  of  various 
qualities,  he  procee<led  to  prepare  his  design  of  abridge, 
whirh  consisted  of  a  central  opening  of  1000  feet  span, 
an<l  two  side  ojienings  of  500  feet  each,  supported  by  pyra- 
mids of  masonry  placed  near  the  low  water  lines.  The 
roadway  was  to  l)e  '10  feet  wide,  divided  into  one  central 
footway  and  two  distinct  auriageways  of  12  feet  each. 
At  the  s;nne  time  he  prepareil  and  submitted  a  model  of 
tlu*  central  ojKMiing,  which  satisfiictorily  stood  the  various 
strains  which  were  a])plied  to  it.  This  Runcorn  defdgii 
of  1814  was  of  a  very  magnificent  character,  perhaps 
sujK'rior  even  to  that  of  the  Menai  Suspension  Bridge, 
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afterwards  erected ;  but  unhappily  tlie  means  were  not 
forthcoming  to  carry  it  into  effect.  The  publication  of 
his  plan  and  report  had,  however,  the  effect  of  directing 
public  attention  to  the  construction  of  bridges  on  the 
suspension  principle ;  and  many  were  shortly  after 
designed  and  erected  by  Telford  and  other  engineers  in 
different  ])arts  of  the  kingdom. 

Mr.  Telford  continued  to  be  consulted  by  the  Connnis- 
sioners  of  the  Holyhead  Roads  as  to  the  completion  of 
the  last  and  most  important  link  in  the  line  of  communi- 
cation between  London  and  Holyhead,  by  bridging  the 
Straits  of  Menai ;  and  at  one  of  their  meetings  in  1815, 
shortly  after  the  publication  of  his  Rimcorn  design,  the 
inquiry  was  made  whether  a  bridge  upon  the  same  prin- 
cij)le  was  not  applicable  in  this  particular  case.  The 
enghieer  was  instructed  again  to  examine  the  Straits  and 
submit  a  suitable  plan  and  estimate,  which  he  proceeded 
to  do  in  the  early  part  of  1818.  The  site  selected  by 
him  as  the  most  favourable  was  that  which  had  pre- 
viously been  fixed  upon  for  the  projected  cast  iron 
bridge,  namely  at  Ynys-y-moch — the  shores  there  l>eing 
])old  and  rocky,  affording  easy  access  and  excellent  foun- 
dations, whilst  by  spanning  the  entire  channel  between 
the  low  water  Ihies,  and  the  roadway  being  kept  uni- 
formly 100  feet  above  the  highest  water  at  spring  tide, 
the  whole  of  the  navigable  waterway  would  be  left 
entirely  miinterrupted.  The  distance  between  the  centres 
of  the  supporting  pyramids  was  proposed  to  be  of  the 
then  unprecedented  width  of  550  feet,  and  the  height  of 
the  j^yramids  53  feet  above  the  level  of  the  roadway. 
The  main  chahis  were  to  be  sixteen  in  mmiber,  with  a 
deflection  of  37  feet,  each  composed  of  thirty-six  bars  of 
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half-inch-8(}uare  iron,  so  placed  as  to  give  a  square  of 
six  on  each  side,  making  the  whole  chain  about  four  inches 
in  diameter,  welded  together  for  their  whole  length, 
secured  by  bucklings,  and  braced  round  with  iron  wire ; 
whilst  the  ends  of  these  great  chains  were  to  be  secured 
by  a  mass  of  masonry,  built  over  stone  arches  between 
e?ich  end  of  the  supporting  piers  and  the  adjoinmg  shore. 
Four  of  these  arches  were  to  be  on  the  Anglesea,  and 
three  on  the  Caernarvonshire  side,  each  of  them  fifty-two 
feet  six  inches  span.  The  roadway  was  to  be  divided,  as 
in  the  Runcorn  design — a  carriageway  twelve  feet  wide 
on  each  side,  and  a  footpath  of  four  feet  in  the  middle. 
Mr.  Telford's  plan  was  supported  by  Mr.  Rennie  and 
other  engineers  of  eminence ;  and  the  Select  Committee 
of  the  House  of  Commons,  being  satisfied  as  to  its  prao- 
ticability,  recommended  Parliament  to  pass  a  Bill  and 
make  a  grant  of  money  to  enable  the  work  to  be  carried 
into  eflect. 

The  necessjiry  Act  passed  in  the  session  of  1819, 
and  Mr.  Telford  immediately  proceeded  to  Bangor  to 
make  i)repanitions  for  commencing  the  works.  The 
first  proceeding  was  to  blast  oif  the  inequalities  from 
the  surface  of  the  rock,  called  Ynys-y-moch,  situated  on 
the  western  or  Holyliead  side  of  the  Strait,  at  that  time 
only  accessible  at  low  water.  The  object  was  to  form  an 
<'veii  surface  uj)on  it  for  the  foundation  of  the  west  main 
pier.  It  used  to  be  at  this  point,  where  the  Strait 
was  narrowest,  that  horned  aittle  were  driven  down, 
lueparatory  to  swimming  them  across  the  channel  to 
the  Caernarvon  side,  when  the  tide  was  weak  and  at 
its  lowest  ebb.  Many  cattle  were,  nevertheless,  often 
carried  away  when  the  current  was  too  strong  for  the 
animals  to  contend  against. 

At  the  sjime  time  a  landing-quay  was  erected  on 
^'nys-y-moch,  which  was  connected  with  the  shore  by 
an  einbjinknient  carrying  lines  of  railway.  Along  this 
hoisi's  drew  the  sledges  laden  \^nth  stone  required  for  the 
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work ;  tlie  materiul  being  brought  in  barges  from  the 
quarries  opened  at  Penmon  Point,  on  the  north-eastern 
extremity  of  the  Isle  of  Anglesea,  a  httle  to  the  westward 
of  the  northern  opening  of  the  Strait.  When  the  surface 
of  tlie  rock  had  been  levelled  and  the  causeway  com- 
pleted, the  first  stone  of  the  main  pier  was  laid  by 
Mr.  W.  A.  Provis,  the  resident  engineer,  on  the  10th  of 
August,  1819 ;  but  not  the  slightest  ceremony  w^as 
observed  on  the  occasion. 

Later  in  the  autumn  preparations  were  made  for 
proceeding  with  the  foundations  of  the  eastern  main 
pier  on  the  liangor  side  of  the  Strait.  After  exca- 
vating the  beach  to  a  depth  of  seven  feet,  a  solid  mass 
of  rock  was  reached,  w^hicli  served  the  pui-pose  of  an 
innnoveable  fomidation  for  the  pier.  At  the  same  time 
w^orkshops  were  erected ;  builders,  artisans,  and  labourers 
were  brought  together  from  distant  quarters ;  vessels  and 
barges  were  jmrchased  or  built  for  the  special  purpose  of 
the  work  ;  a  quay  was  constructed  at  Penmon  Point  for 
loading  the  stones  for  the  piers;  and  all  tlie  requisite 
preliminary  arrangements  were  made  for  proceeding  with 
the  building  oi^erations  in  the  ensuing  season. 

A  carefid  specifiaition  of  the  masonry  work  was  drawn 
up,  jind  the  contract  first  let  to  Messrs.  Stapleton  and 
I  hill;  but  as  they  did  not  proceed  satisfactorily,  and 
desired  to  be  released  from  the  contract,  it  was  re-let 
on  the  sjime  terms  to  Mr.  John  Wilson,  one  of  Mr. 
Telford's  ])rincipal  contractors  for  mason  work  on  the 
Caledonian  Canal.  The  building  operations  were  begim 
with  great  vigour  early  in  1820.  The  three  arches  on 
the  Caernarvonshire  side  and  the  four  on  the  Anglesea 
side  were  first  j)roceeded  with.  They  are  of  immense  mag« 
nitiide,  and  occujwed  four  years  in  construction,  having 
l)eeii  finished  late  in  the  autmnn  of  1824.  These  piers 
are  (J 5  feet  in  height  from  high  water  line  to  the  springing 
of  tlie  arches,  the  span  of  each  being  52  feet  G  inches. 
The   work    of  the   main   piers   also   made   siitisfkctory 
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progresH,  and  the  miusonry  proceeded  8o  mpidly  that 
stones  could  saircely  be  got  from  the  quarries  in  suffi- 
cient quantity  to  keep  the  builders  at  work.  By  the 
end  of  June  about  three  hundred  men  were  employed. 

The  two  main  piers,  each  153  feet  in  height,  upon 
wliich  the  main  chains  of  tlie  bridge  were  to  be  suspended, 
were  built  with  great  care 
and  inider  rigorous  inspec- 
tion. In  these,  a«  indeed  in 
most  of  the  ma^sonryof  the 
bridge,  Mr.  Telford  adopted 
tlie  sjime  jmictice  which  he 
had  employed  in  his  pre- 
vious bridge  structures,  that 
of  leaving  large  void  spaces, 
conunencing  above  high 
water  mark  and  continuing 
them  up  peri)endicularly 
nearly  to  the  level  of  the 
roadway.  "  I  have  else- 
where exi)ressed  my  con- 
viction," he  says,  when 
referring  to  the  mode  of 
roust  ructing  these  j»iers, 
*'  that  one  of  the  most 
iin]M)rtant  improvements 
which  I  have  been  able  to 
introduce  into  masonry  con- 
sists in  the  j)rererence  of 
cross-walls  to  rul»ble,  in  the 
structure  of  a  i»ier,  or  any 

other  edifice  re([uiring  strength.  Every  4*tane  iind  joint 
in  such  walls  is  oi)en  to  insi»t^ctiuu  ill  the  propt^is^  of  tlio 
work,  and  even  afterwards,  if  neecj^sary;   but  ii  mAul 

iWWuix  of  rubble  conceals  its4'lf  ami  nuiv  t»t*  little  lietler 



than  a  heap  of  rubbish  coii<im*il  by  wide  wulU/*  *     Tim 
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wallw  of  these  main  pier8  were  built  from  within  as  well 
as  from  without  all  the  way  up,  and  the  inside  wjus  a*s 
carefully  and  closely  cemented  witli  mortar  as  the  ex- 
ternal lace.  Thus  the  whole  pier  was  bound  fimily 
together,  and  the  utmost  strength  given,  while  the 
weight  of  the  superstructure  upon  the  lower  parts  of 
the  work  was  reduced  to  its  minimiun. 

Over  the  main  piers  the  small  arches  intended  for  the 
roadways  were  constructed,  each  being  15  feet  to  the 
springing  of  the  arch,  and  9  feet  wide.  Upon  these 
arches  the  masonry  was  carried  upwards,  in  a  tapering 
form,  to  a  height  of  53  feet  above  the  level  of  the  roa<l. 
As  these  piers  were  to  carry  the  iimnense  weight  of  the 
suspension  chains,  great  pains  were  taken  with  their 
construction,  and  each  stone,  from  top  to  bottom,  was 
firndy  bound  togethei'  with  iron  dowels  to  prevent  the 
possibility  of  their  being  separated  or  bulged  by  the 
inunense  })ressure  they  had  to  withstand.* 

The  most  imj)ortant  point  in  the  execution  of  the 
details  of  the  bi-idge,  where  the  engineer  had  no  past 
experience  to  direct  him,  was  in  the  designing  and  fixing 
of  the  wrought  iron  work.  Mr.  Telford  had  continued  his 
experiments  as  to  the  tenacity  of  bar  iron,  until  he  had 
()l)tained  several  hundred  distinct  tests;  and  at  length, 
after  the  most  mature  deliberation,  the  patterns  and 
dimensions  were  finally  arranged  by  him,  and  the  con- 
tract for  the  manufacture  of  the  whole  was  let  to  Mr. 
Hazeldean,  of  Shrewsbury,  in  the  year  1820.  The  iron 
was  to  be  of  the  best  Shroj^shire,  drawn  at  Upton  forge. 


'  To  «^uiir(l  aj^uinst  the  cflccts  of 
latonil  ]»r(ssurc  rt'siilliii;^  fiimi  this 
hravy  mass  of  masonry  bearing  on 
I  hi'  nivlics  forminj^  the  nwulway,  six 
striiiij^  w  roui^ht  iron  ties,  four  inches 
\vi<U'  and  two  inehes  thiek,  finuly 
lM>it(Hi  at  each  end,  were  intrtxliicetl 
horizontally  at  tlic  s])rinLiinj^  of  the 
arches  over  the  carriaj^e  ways,  and 
thus  any  deficiency  of  stren;^th  at  that 
IH.int   was    elUctiially   ]>rovide<l    for. 


Strong  cast  iron  blocks  or  saildlcM 
were  placetl  uj)on  the  top  of  the 
piers  to  Ix.'ar  the  suspension  chains, 
and  tliey  were  fitted  with  wrought 
iron  self-acting  rollers  and  .brass 
Imslies,  for  the  purpose  of  re^ilatiiig 
tlie  contraction  and  exixinsion  of  the 
iron,  by  moving  themselves  eithtT 
way  acconliiig  to  the  teniperatiire  of 
the  atmosphere,  wiUiout  the  sliglitest 
tlenmgenient  to  any  part  of  the  work. 
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and  finished  and  proved  at  his  works,  under  the  inspeo 
tion  of  a  person  appointed  by  the  engineer.* 


.  I  r  >TT..wiN."j  Kixis'ij  uK  rnK  rriAiN's  in   I  lib,  h>a;k.. 

The  mode  by  which  the  hind  ends  of  those  enormous 
suspension  chains  were  rooted  to  tlie  solid  ground  on 
either  side  of  the  Strait,  was  remarkably  ingenious 
and  efiective.  Three  obh(jue  tunnels  were  made  by 
l>l:istin;^  the  rock  on  tlie  Anglesea  side;  they  were 
cjuh  aljout  six  feet  in  diameter,  tlie  excavations  being 
<  arried  <lown  an  inclined  phme  to  the  depth  of  about 
twenty  yards.     A  considerable  width  of  rock  lay  be- 


'  The  (•n»ss  wctioiiH  uf  the  ban* 
tMriiiiii;^  tlii'iiiaiii  rluiins  wiTc.'iJ  iiichrs 
squarr;  tlicy  wiTo  |»rovttl  to  Ik; 
ra|«;il)l(',  acconiiii'^  tn  Mr.  Ti'lfnrirs 
r\|>iriiii(iits,  of  iR'uriii^  a  stniin  of 
ii'.l  IrsM  than  H7f  tons  U'fnrc  fracture; 
hut  ill  nnhr  imt  to  strain  tho  in)n  un- 
«liily,  th«'  pHKif  was  lin»it<'<l  U*  3") 
tMiis^  iir  alMiut  11  tons  to  evt-ry  wiuan; 
imli  of  cnrvs  scrtion.  Kvt-ry  piixx*  of 
ir«»n  intnulunil  in  the  wnrk  was  muI)- 
niittnl  to  this  Utii  hy  nKaiw  of  a  very 
acturat*'  an<l  |to\vt'rful  |»roving  ma- 
<hiii«'  (•(•nstnuti'tl  for  the  i)ur|ioHe; 
whih'  umhr  the  Htmin,  it  was  frv- 
<|ii*-ntly  stnuk  witli  a  hannncr,  ami 
after  Uin'4  |»n»vcii,  ever}'  st'jionit^* 
l«iM.'  w.is  wrll  th-ans*"*!,  put  into  a 
sfovr,  an<l  whm  hn»u;iht  to  a  gentle 
JM-at   \va.H  inin»«*n*<'«i  iti  a  tn)Ugh  om- 


taining  limieed  oil.     It  was  then  taken 

Um      -  ,      .n^l 

.v-  IS  .......  .,      A  -^Mt  *if 

liM-.  ..I    m:I    j  ;i  i|[y  (tilt    oVi^ 

,'1.1.,!!,.,!.  ill    tJj,^   i^tfttC 

'*  Ni>  uri*» 
,  ,  \*nt<^  Mr. 
l«iiliir*l,  "to  mtiicr  i^*'ry  |«y1  |«'f- 
litlty  J  nil!,  luwl  lJmn*l»/n*  liitin*;  for 
iVf^  tiiiv  VHruitiMri  ill  thi^  li^ij^h  of  thii 
numftkiu}!  tnr»  woul*!  jfrr^iufv*  ud- 
txjnnl  iitainu^K,  ^-jwili  f*a*  fniljjt^-tt-il  to 
n   in*»h   OiLjti!it incut    liy    iniiiiu   of  « 

U^ri-ii  whrit  coMj  wi  thjil  a  rriB^-Jinlt 
I^i^vmI  thmii^'lj  n  «'ftrtiti  nvtmlicr,  in 

Iti  ►•it   fui*  <   ttm»»i;dl   Hjjbt    Ittrn,  »•»  lu 
(i»  fomi  font  clmni%  l)iu«  iU)(ii4fHti4y 
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tween  eacli  tunnel,  but  at  the  bottom  they  were  all 
luiited  by  a  connecting  horizontal  avenue  or  cavern, 
sufficiently  capacious  to  enal)le  the  workmen  to  fix  the 
stronp^  iron  frames,  composed  principally  of  thick  flat 
cast  iron  plates,  \vhich  Averc  engi-afted  deeply  into  the 
rock,  and  stron}2:ly  bound  together  by  the  iron  \vork 
passing  along  the  horizontal  avenue  ;  so  that,  if  the 
iron  held,  the  chains  could  only  yield  by  tearing  up  the 
whole  mass  of  solid  rock  mider  which  they  were  thus 
firndy  bound. 

A  similar  method  of  anchoring  the  main  chains  was 
adopted  on  the  Caernarvonshire  side.  A  thick  bank 
of  earth  had  there  to  be  cut  through,  and  a  solid 
mass  of  masonry  built  in  its  place,  the  rock  being 
situated  at  a  greater  distiince  from  the  main  pier ;  thus 
involving  a  gieater  length  of  suspending  chain,  and  a 
disproj)ortioii  in  the  catenary  or  chord  line  on  that  side 
of  the  bridge.  Tlie  excavation  and  masonry  thus  ren- 
dered necessary  ])roved  a  work  of  vast  labour,  and  its 
execution  occupied  a  considerable  time;  but  by  the 
beginning  of  the  year  1825  the  suspension  pvTamids, 
the  land  piers  and  arches,  and  the  rock  tunnels,  had  all 
been  completed,  and  the  main  chains  firmly  secured  in 
them  ;  the  work  being  sufficiently  advanced  to  enable 
the  suspending  of  the  chains  to  be  proceeded  with.  This 
was  by  far  the  most  difficult  and  anxious  part  of  the 
undertaking. 

With  the  same  careful  forethought  and  provision  for 
every  contingency  which  had  distinguished  the  engi- 
neer's j)rocedure  in  the  course  of  the  work,  he  luul 
made  frequent  experiments  to  ascertain  the  actual 
power  which  woidd  be  required  to  raise  the  main  chains 
to  their  proper  curvature.  A  valley  lay  convenient 
for  the  })urpose,  a  little  to  the  west  of  the  bridge  on 
the  Anglesea  side.  Fifty-seven  of  the  intended  ver- 
tical suspending  rods,  each  nearly  ten  feet  long  and 
an  inch  square,  having  been  fastened  together,  a  piece 
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of  chain  was  attached  to  one  end  to  make  the  chord 
line  570  feet  in  length ;  and  experiments  having  been 
made  and  comparisons  drawTi,  Mr.  Telford  ascertained 
that  the  absolute  weight  of  one  of  the  main  chains  of  the 
bridge  between  the  points  of  suspension  was  23^  tons, 
requiring  a  strain  of  30^  tons  to  raise  it  to  its  proper 
curvature.  On  this  calculation  the  necessary  apparatus 
required  for  the  hoisting  was  prepared.  The  mode  of 
action  finally  determined  on  for  lifting  the  main  chains, 
and  fixing  tliem  into  their  places,  was  to  build  the  cen- 
tnd  portion  of  each  upon  a  raft  450  feet  long  and  6  feet 
Avide,  then  to  float  it  to  the  site  of  the  bridge,  and  lift  it 
into  its  place  by  capstans  and  proper  tackle.  . 

At  length  all  was  ready  for  hoisting  the  first  great 
chain,  and  aWmt  tlie  middle  of  April,  1825,  Mr.  Telford 
left  London  for  Bangor  to  superintend  the  operations. 
An  immense  assemblage  collected  to  witness  the  sight; 
greater  in  number  tlian  any  that  had  been  collected 
in  the  sj\me  place  since  the  men  of  Anglesea,  in  their 
war-paint,  rushing  dovm  to  the  beach,  had  shrieked 
defiance  across  the  Straits  at  their  Roman  invaders 
on  the  Caernarvon  shore.  Nmnerous  boats  arrayed 
in  gjiy  colours  glided  along  the  waters ;  the  day — the 
2fith  of  April — being  bright,  calm,  and  in  every  way 
propitious.  At  half-past  two,  about  an  hour  before 
high  water,  the  raft  bearing  the  main  chain  was  cast 
off  from  near  Treborth  Mill,  on  the  Caernarvon  side. 
Towed  by  four  boats,  it  began  gradually  to  move  from 
the  shore,  and  Avith  the  assistance  of  the  tide,  which 
(Mught  it  at  its  further  end,  it  swung  slowly  and  majes- 
tically round  to  its  position  betw^een  the  main  piers, 
where  it  was  moored.  One  end  of  the  chain  was  then 
l>olte<l  to  that  which  hmig  down  the  face  of  the  Caer- 
narvon pier;  whilst  the  other  was  attached  to  ropes 
eonnerti'd  with  strong  capstans  fixed  upon  the  Anglesea 
side,  the  ro]H»s  passing  by  means  of  blocks  over  the  top 
of  the  pyramid  of  the  Anglesea  pier.     The  capstans  for 
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hauling  in  the  ropes  bearing  the  main  chain,  were  two 
in  number,  manned  l)y  about  150  labourers.     When  all 
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was  ready,  the  signal  was  given  to  "  go  along ! "  A 
band  of  fifers  struck  up  a  lively  tune ;  the  capstans  were 
instantly  in  motion,  and  the  men  stepped  round  in  a 
steady  trot.  All  went  well.  The  ropes  gradually  coiled 
in.  As  the  strain  increased,  the  pace  slackened  a  little ; 
but  "  Ueave  aw^ay !  now  she  comes !  "  was  sung  out. 
Round  went  the  men,  and  steadily  and  safely  rose  the 
ponderous  chain.  The  tide  had  by  this  time  turned, 
and  bearing  upon  the  side  of  the  raft,  now  getting  freer 
of  its  load,  the  current  floated  it  away  from  mider  the 
middle  of  the  chain  still  resting  on  it,  and  it  swung 
easily  oft'  into  the  water.  Until  this  moment  a  breath- 
less silence  pervaded  the  watching  multitude ;  and 
nothing  was  heard  amongst  the  working  party  on  the 
Anglesea  side  l)ut  the  steady  tramp  of  the  men  at  the 
ca])stans,  the  shrill  music  of  the  fife,  and  the  occasional 
order  to  "  Hold  on  !  "  or  "  Go  along !  "  But  no  sooner 
Avas  the  raft  seen  floating  Tiway,  and  the  great  chain 
safely  swinging  in  the  air,  than  a  tremendous  cheer 
Inust  forth  along  both  sides  of  the  Straits.  The  rest  of 
tlie  work  w^as  only  a  matter  of  time.  The  most  anxious 
moment  had  passed.  In  an  hour  and  thirty-five  minutes 
alter  the  commencement  of  the  hoisting,  the  chain  was 
raised  to  its  proper  curvature,  and  fastened  to  the 
land  |X)rtion  of  it  which  had  been  previously  placed 
over  the  top  of  the  Anglesea  pyramid.  Mr.  Telford 
ascended  to  the  point  of  fastenhig,  and  satisfied  himself 
that  a  continuous  aiul  safe  connection  had  been  formed 
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fiom  the  Caernarvon  fastening  on  the  rock  to  that  on 
Anglesea.  The  announcement  of  the  fact  was  followed 
by  loud  and  prolonged  cheering  from  the  workmen, 
echoed  by  the  spectators,  and  extending  along  the  Straits 
on  both  sides,  until  it  seemed  to  die  away  along  the 
shores  in  the  distonce.  Tliree  foolhardy  workmen, 
excited  by  the  day's  proceedings,  had  the  temerity  to 
scramble  along  the  upper  surface  of  the  chain — which 
was  only  nine  inches  wide  and  formed  a  curvature  of 
590  feet — from  one  side  of  the  Strait  to  the  other! 

Far  different  were  the  feelings  of  the  en^neer  who 
had  planned  this  magnificent  work.  Its  failure  had  been 
predicted ;  and,  like  Brindley's  Barton  Viaduct,  it  had 
l>een  freely  spoken  of  as  a  "castle  in  the  air."  Telford 
liad,  it  is  true,  most  carefully  tested  every  point  by 
repeated  experiment,  and  so  conclusively  proved  the 
Huthciency  of  the  iron  cliains  to  bear  the  immense  weight 
they  would  have  to  support,  that  he  was  thoroughly  con- 
vinced as  to  the  soundness  of  his  principles  of  construc- 
tion ;  and  sjitisfied  that,  if  rightly  manufactured  and  pro- 
perly put  together,  the  chains  would  hold  together  and 
the  piers  would  sustain  them.  Still  there  was  necessarily 
an  element  of  uncertainty  in  the  undertaking.  It  was 
till'  lar;::est  structure  of  the  kind  that  had  ever  been 
iittenipted.  There  was  the  contingency  of  a  flaw  in  the 
iron;  some  possible  scamping  in  its  manufacture ;  some 
h'ttle  ])oint  which,  in  the  multiplicity  of  details  to  be 
attended  to,  he  might  have  overlooked,  or  which  his 
siil>onlinates  nnght  have  neglected.  It  was,  indeed, 
inipos.sil>le  but  that  he  should  feel  intensely  anxious  as 
to  the  result  of  the  day's  o|>ercitions. '  Mr.  Telford  after- 
wanls  stated  to  a  friend,  only  a  few  montlis  before  his 
(Kath,  that  for  some  time  previous  to  the  opening  of  the 
brid^a*,  his  anxiety  was  so  extreme  that  he  could  scarcely 
slerp;  and  that  a  continuance  of  that  condition  must 
havi*  very  s4M)n  completely  imdermined  his  health.  We 
an*    not,  tlu^refore,  surprised    to   learn   that  when  his 
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friends  nislied  to  congratulate  him  on  the  result  of  the 
first  (lay's  exj)eriment,  which  decisively  proved  the 
strength  and  solidity  of  the  bridge,  they  should  have 
found  the  engineer  upon  his  knees  engjiged  in  prayer, 
A  vast  load  had  heen  taken  oif  his  mind ;  the  ]X}riloiis 
enterprise  of  the  day  had  been  accomplished  without 
loss  of  life ;  and  his  spontaneous  act  was  thankfulness 
and  gratitude. 


[by  t.iciva'.  .sk'.lu>i>.  ufuir  >iM  iTigiiiftl  i>iiiwmg.] 


The  suspension  of  the  remaining  fifteen  chains  was 
accomplished  without  difliculty.  The  la«t  was  raised  and 
fixed  on  the  0th  of  July,  1825,  when  the  entire  line  was 
completed.  On  fixing  the  final  bolt,  a  band  of  music 
descended  from  the  top  of  the  susjxjnsion  ])ier  on  the 
Anglosea  side  to  a  scafl'olding  erected  over  the  centre 
of  the  curved  part  of  the  chains,  and  played  the  National 
Anthem  amidst  the  cheering  of  many  thousjuid  persons 
assembled  along  the  shores  of  the  Stmit;  wJiilst  the 
workmen  marched  in  jnocession  along  the  bridge,  upon 
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which  a  temporary  platfonn  had  been  placed,  and  the 
St.  David  steam-packet  of  Chester  passed  under  the  chains 
towards  the  Smithy  Rocks  and  back  again,  thus  reopen- 
in  ^i^  the  navigation  of  the  Strait.  In  August  the  road 
platform  was  commenced,  and  in  September  the  trussed 
Ijearing  bars  were  all  suspended.  The  road  was  con- 
structed of  timber  in  a  substantial  manner,  the  planking 
being  spiked  together,  wnth  layers  of  patent  felt  between 
the  ])lanks,  and  the  carriage-wa\  I  t  ij,u  j->t-H  *  iiU  l-\  nnk 
guards  placed  seven  feet  and  a  hnlf  apart,  ^^ide  miliiigK 
were.idded  and  toll-liousesandiippronch-roads  conipIcte<l 
by  the  end  of  the  year;  and  i\iv  bridge  wjm  ojH'iied  for 
public  traHic  on  Monday,  the  ^*(*th  of  January ^  IH'iO, 
when  tlie  London  and  HolyhefMl  niiiil-coadi  parsed  over 
it  for  the  first  time,  followed  by  the  Commii<Hioiiei^  of 
the  Holyhead  roads,  the  engim  er^  Hoverul  wfagc-coachca, 
an<l  a  multitude  of  private  pursgiis  tou  iiumuroim  to 
mention. 

We  may  briefly  add  a  few  f  u*t*^  ng  to  tlie  quantities  of 
materials  used,  and  the  dimenHintiH  of  tlm  n^iuarkablo 
structure.  The  total  weight  of  iron  was  2187  tou8,  in 
3;],2G5  pieces.  The  total  length  of  the  bridge  if*  1710  feet, 
or  nearly  a  third  of  a  mile;  the  diHtanct?  between  the 
] joints  of  suspension  of  the  main  brnlge  being  571*  feel. 
The  total  sum  expended  l)y  G  "veniment  in  its  erection, 
including  the  embankment  and  al)nnt  half  a  mile  of  new 
Hue  of  road  on  the  Caernarvon  ttjile,  together  with  the 
toll-houses,  was  120,000/. 

Shortly  after  the  Menai  Bridge  was  commenced,  it  was 
determined  by  the  Commissioners  of  the  Holyhead  road 
that  a  bridge  of  similar  design  should  be  built  over  the 
estuary  of  the  Conway,  immediately  opposite  the  old 
castle  at  that  place,  and  which  had  formerly  been  crossed 
by  an  o|)en  ferry  boat.  The  first  stone  was  laid  on  the 
;}rd  of  April,  1822,  and,  the  works  having  proceeded 
sjitisfaetorily,  the  bridge  and  embankment  approaching 
it   were  complete<l  by  the  summer  of  1826.     But  the 
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opcmtions  being  of  the  siime  kind  as  those  connected! 
with  the  larger  structure  above  descril^ed,  though  of  a 
much  less  difiicult  character,  it  is  unnecessiiry  to  enter 
into  any  details  as  to  the  several  stages  of  its  construc- 
tion. In  this  bridge  the  width  between  the  centres  of 
the  supporting  towers  is  327  feet,  and  the  height  of  the 
inider  side  of  the  roadway  above  high  water  of  sprinji: 
tides  only  15  feet.  The  heaviest  work  \vi\s  an  embank- 
ment at  its  eastern  approach,  2015  feet  in  length  ami 
al)out  300  feet  in  width  at  its  In'ghest  part. 


[•>;,   !••  rr;val  .Skelton.  after  hit  original  Dniviiu^  ] 
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CHAPTER    Xlll. 
Docks,  Drainage,  and  BniDaES. 

It  will  have  been  observed,  from  the  Lives  of  those 
Kiiji^ineei^^  which  we  have  thus  far  been  enabled  to  lay 
before  the  rejtder,  how  much  has  been  done  by  skill  and 
iuduKtry  t<)  ()])eii  up  and  develope  the  material  resources 
of  the  kinf::doin.  The  stages  of  improvement  which  we 
have  recorded  exhibit  a  measure  of  the  vital  energy 
which  has  from  time  to  time  existed  in  the  nation.  In 
the  earlier  periods  the  war  was  with  nature ;  the  sea  was 
held  back  by  embankments;  the  Thames,  instead  of 
being  allowed  to  overspread  the  wide  marshes  on  either 
bank,  was  confined  within  limited  bounds,  by  which 
the  iiavigiible  depth  of  its  channel  was  increased  at  the 
s;nne  time  that  a  wide  extent  of  land  was  rendered 
available  for  agriculture. 

In  those  early  days  the  great  object  was  to  render 
the  laud  more  habitable,  comfortable,  and  productive. 
M  a rsl  les  were  reclaimed,  and  wastes  subdued.  But  so  long 
as  the  country  remained  compamtively  closed,  and  inter- 
coinse  was  restricted  by  the  want  of  bridges  and  roads, 
improvement  was  extremely  slow.  Whilst  roads  are  the 
(•onscc|uence  of  civilization,  they  are  also  among  its  most 
infbiential  causes.  We  have  seen  even  the  blind  Metcalf 
acting  as  an  effective  instrument  of  progress  in  the 
northern  counties  by  the  formation  of  long  lines  of  road. 
Ihindlcy  and  the  Duke  of  Bridgewater  carried  on  the 
work  in  the  sjime  districts,  and  conferred  upon  the  north 
and  north-west  of  England  the  blessings  of  cheap  and 
ilVrrtivr  wat(M-  commmiication.  Smeaton  followed  and 
carried  out  similar  mideiiakings  in  still  remoter 
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joining  the  east  and  west  coasts  of  Scotland  by  the  Forth 
and  Clyde  Canal,  and  building  bridges  in  the  far  north. 
Rcnnie  made  harbours,  built  bridges,  and  hewed  out 
docks  for  shipping,  the  increase  in  w^hich  had  kept  {xiee 
with  the  growth  of  our  home  and  foreign  trade.  He  was 
followed  by  Telford,  whose  long  and  busy  life,  lus  we 
have  seen,  was  occupied  in  building  bridges  and  making 
roads  ui  all  directions,  in  districts  of  the  country  fonnerly 
inaccessible,  and  therefore  comparatively  barbarous.  At 
length  the  wildest  districts  of  the  Highlands  and  the  most 
rugged  mountain  valleys  of  North  Wales  were  rendered 
as  easy  of  access  as  the  comparatively  level  counties  in 
the  hmnediatc  neighbourhood  of  the  metropolis. 

During  all  this  while  the  wealth  and  industry  of  the 
comitry  had  been  advancing  with  rapid  strides.  London 
had  grown  in  population  and  importance.  Many  im- 
provements had  been  effected  in  the  river,  but  the  dock 
accommodation  was  still  fomid  insufficient ;  and,  as  the 
recognised  head  of  his  profession,  Mr.  Telford,  though 
now  growai  old  and  fost  becoming  infirm,  was  called 
upon  to  supply  the  requisite  plans.  He  had  been  en- 
gaged upon  gi-eat  works  for  upwards  of  thirty  years, 
previous  to  which  he  had  led  the  life  of  a  working  mason. 
But  he  had  been  a  steady,  temperate  man  all  his  life ; 
and  tliough  nearly  seventy,  when  consulted  as  to  the 
j)rop()sed  new  docks,  his  mind  was  as  able  to  deal  with 
ihii  sul)ject  in  all  its  bearings  as  it  had  ever  been;  and 
he  undertook  the  work. 

In  1824  a  new^  Comi3any  was  formed  to  provide  a 
dock  nearer  to  the  heart  of  the  City  than  any  of  the 
existing  ones.  The  site  selected  was  the  space  bet>^'eeii 
the  Tower  and  the  London  Docks,  which  included  the 
propeity  of  St.  Katherine's  Hospital.  The  whole  extent 
of  land  available  was  only  twenty-seven  acres  of  a  very 
irregular  figure,  so  that  when  the  quays  and  warehouses 
wore  laid  out,  it  was  found  that  only  about  ten  acres 
remained  for  tlie  docks  ;  l»ut  these,  from  the  nature  of  tlie 
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ground,  presented  an  unusual  amount  of  quay  room.  The 
necessary  Act  was  obtained  in  1825;  the  works  were 
begim  in  the  following  year ;  and  on  the  25th  of  October, 
1828,  the  new  docks  were  completed  and  opened  for 
business. 

The  St.  Katherine  Docks  conmnmicate  with  the  river 
by  means  of  an  entrance  tide-lock,  180  feet  long  and 
45  feet  wide,  with  three  pair  of  gates,  admitting  either 
one  very  large  or  two  smaller  vessels  at  a  time.  The 
lock-entrance  and  the  sills  under  the  two  middle  lock- 
gates  are  fixed  at  the  depth  of  ten  feet  under  the  level  of 
low  water  of  ordinary  spring  tides.  The  formation  of 
these  dock-entrances  was  a  work  of  much  difficulty, 
denmnding  great  skill  on  the  part  of  the  engineer.  It 
was  necessary  to  excavate  the  groimd  to  a  great  depth 
below  low  water  for  the  purpose  of  getting  in  the  founda- 
tions, and  the  cofferdams  were  therefore  of  great  strength, 
to  enable  them,  when  pumped  out  by  the  steam-engine, 
to  resist  the  latcml  pressme  of  forty  feet  of  water  at 
high  tide.  The  difficulty  was,  however,  effectually  over- 
come, and  the  wharf  walls,  locks,  sills,  and  bridges  of  the 
St.  Katherine  Docks  are  generally  regarded  as  a  master- 
piece of  harbom*  construction.* 


*  In  tlie  arraugcmcut  u!  the  wharves 
and  warehoiist'd  every  inipruvemeut 
was  intnuliRxtl  and  a<in|)tetl  which 
WJLs  calciilatol  to  laciHtate  the  trans- 
aitit.n  <»t'  business  at  the  leJist  laUnir 
and  exiH-nse.  Alludin;^  totlie  raiudity 
with  which  these  works  were  con- 
st nictiil,  Mr.  Telford  siiys  : — "Sel- 
dom, indei-^l  never  witliin  my  knuw- 
le«l;4c,  lias  there  been  an  instance*  of 
an  un<h'rtaking  of  this  ma<j:iiitude,  in 
a  ver>'  e«>ntine«l  situation,  having  been 
|^rf«rt<il  in  mj  short  a  time;  nor 
o»nld  it  have  U-^'U  accomplisheil  in 
any  nthrr  |»lac<'  than  Ixiudon,  where 
niit<Tials  and  lalniur  to  any  extent 
an-  always  to  lit*  procureil,  as  also  the 
rniniiiand  i»f  capital  in  the  iK>wer  of  j 
iiit«Hi;^rnt  dinrt«»rs  lurustomed  to 
tran>;ictions  on  a    hirge   bCJile.      The 


extreme  rapidity  with  which  every 
o] aeration  was  forced  cm  was  doubtless 
defensible,  as  useful  and  desirable  in  a 
mercantile  speculation,  with  the  view 
of  having  a  speedy  return  for  the  ad- 
vance of  laige  suQis,  and  for  cdoou- 
raging  future  advances,  also  for  meet- 
ing the  urgent  demands  of  increasiDg 
commerce;  but,  as  a  practical  en- 
gineer, resjionsible  for  the  success  of 
(iifiicuit  operations,  I  must  be  al- 
lowed to  protest  against  such  haste, 
pregnant  as  it  was,  and  ever  will  be, 
with  risks,  which,  in  more  instances 
than  one,  severely  taied  all  my  expe- 
rience and  skill,  and  dangerously  m- 
volved  the  reputation  of  Uie  directors 
as  well  as  their  engineer.'* — '  TeU6nl*s 
Life,'  p.  155. 
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Amoiif^st  the  remaining  bridges  executed  by  Mr.  Tel- 
ford, towards  the  close  of  his  professional  career,  may  he 
mentioned  those  of  Tewkesbury  and  Gloucester.  The 
former  town  is  situated  on  the  Severn,  at  its  confluence 
with  the  river  Avon,  about  eleven  miles  above  Gloucester. 
The  surrounding  district  was  rich  and  populous;  but 
being  intersected  by  a  large  river,  without  a  bridge, 
the  inhabifcints  apj^lied  to  Parliament  for  powere  to  pro- 
vide so  necessary  a  convenience.  The  design  first  pro- 
])()sed  by  a  local  architect  was  a  bridge  of  three  arches ; 
but  Mr.  Telford,  when  called  upon  to  advise  the  trustees, 
recommended  tliat,  in  order  to  interrupt  the  navig-ation 
as  little  as  possible,  the  river  should  be  spanned  by  a 
single  arch ;  and  he  submitted  a  design  of  such  a  cha- 
racter, Avhich  was  api)roved  and  subsequently  erected. 
It  was  finished  and  o})ened  in  April,  1826. 

This  is  one  of  the  most  extensive  as  well  as  graceful 
of  Mr.  Telford's  numerous  cast  iron  bridges.  It  is  of  a 
single  span  of  170  feet,  with  a  rise  of  only  17  feet.  It 
consists  of  six  ribs  of  about  three  feet  three  inches  deep, 
the  spandrels  being  filled  in  with  light -diagonal  work. 
The  narrow  Gothic  arches  in  the  masonry  of  the  abiit- 
ment.s  give  the  bridge  a  very  light  and  graceful  appear- 
ance, at  the  same  time  that  they  afford  an  enlarged 
passage  for  the  high  river  floods. 

The  bridge  at  Gloucester  consists  of  one  large  stone 
arch  of  150  feet  span.  It  replaced  a  structure  of  great 
anti(]uity,  of  eight  arches,  which  had  stood  for  about 
(100  years.  The  roadway  over  it  was  very  narrow, 
and  the  numl)er  of  piers  in  the  river  and  the  small 
dimensions  of  the  arches  oflcred  considerable  obstruc- 
tion to  the  navigation.  To  give  the  largest  amount  of 
waterway,  and  at  the  same  time  reduce  tJie  gradient  of 
the  road  over  the  bridge  to  the  greatest  extent,  Mr. 
Telford  ado])te(l  the  following  expedient.  He  made  the 
general  Ixxly  of  the  arch  an  ellipse,  150  feeton  tlie  cliord- 
\uH'  and  li')  feet  rise,  while  tha  voussoire,  or  external 
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archstones,  being  in  the  form  of  a  segment,  have  the 
same  chord,  with  only  13  feet  rise.  "  This  complex 
form,"  says  Mr.  Telford,  "  converts  each  side  of  the  vault 
of  the  arch  into  the  shape  of  the  entrance  of  a  pipe,  to 
suit  the  contracted  passage  of  a  fluid,  thus  lessening  the 
flat  surface  opposed  to  the  current  of  the  river  whenever 
the  tide  or  upland  flood  rises  above  the  springing  of  the 
middle  of  the  ellipse,  that  being  at  foiu*  feet  above  low 
water;  whereas  the  flood  of  1770  rose  twenty  feet  above 
low  water  of  an  ordinary  spring-tide,  which,  when  there 
is  no  upland  floo<l,  rises  only  eight  or  nine  feet."  *  The 
bri(lf:;e  was  finished  and  opened  in  1828. 

The  last  structures  erected  after  our  engineer's  designs 
were  at  Edinburgh  and  Glasgow  ;  his  Dean  Bridge  at 
the  former  place,  and  his  Jamaica  Street  Bridge  at  the 
lattei*,  being  regjirded  as  among  his  most  successful 
works.  Since  his  employment  as  a  journeyman  mason 
at  the  building  of  the  houses  in  Princes  Street,  Edin- 
l»urgh,  the  New  Town  had  spread  in  all  directions.  At 
each  visit  to  it  on  his  way  to  or  from  the  Caledonian 
(anal  or  the  northern  harbours,  he  had  been  no  less  sur- 
prised than  delif^hted  at  the  architectural  improvements 
which  he  found  {*:oiiig  forward.  A  new  quarter  had 
risen  up  duriuj^  his  lifetime,  and  had  extended  northward 
;Mid  westward  in  loup;  lines  of  magnifiLX*nt  buildingi^  of 
IVccstone,  until  in  182!J  its  further  ]m>j^*es5«  wivi  clKH*keil 
by  the  deep  ravine  running  along  tlje  back  of  the  New 
Town,  in  the  l)ottom  of  which  nms  the  little  Writer 
of  Leith.  It  was  determined  to  tlirow  a  stone  bridge 
across  this  stream,  and  Telford  was  <'^dled  nyHm  to  supply 
the  (lesio;n.  The  point  of  crossing  ihe  valley  iMis  imme- 
diately behind  Moray  Place,  which  Ktandii  almoiit  ujKm 
its  ver^e,  the  sides  being  bold,  rock v,  and  finely  wooded. 
The  situation  was  well  adapted  for  a  ]  »ieture?M jue  structure, 
such  as  Telfonl  was  well  able  to  supply.     Tlie  depth  of 

>  *Telf()nrH  Life/p.  2*n- 
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the  ravine  to  be  s])aiined  involved  gi*eat  height  in  tlie 
])iers,  the  roadway  being  106  feet  above  the  level  of  the 
river.  Tlie  bridge  was  of  four  arches  of  flO  feet  span 
each,  and  its  total  length  447  feet ;  the  breadth  l)etweeii 
the  parapets  for  the  purposes  of  the  roadway  and  foot- 


Dh.AN    biiII>ot;,   hDiMllIttiH. 
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l)aths  l)ciiig  oO  feet  J     The  bridge  wa«  completed  and 
opened  in  December,  1831. 

But  the  most  importiint,  as  it  was  the  last,  of  Mr.  Tel- 
ford's stone  bridges  was  that  erected  across  the  Clyde  at 
tlie  Biooniielaw,  Glasgow.  Little  more  than  fifty  years 
since,  the  banks  of  the  river  at  that  place  were  literally 
covered  with  broom — and  hence  its  name — whilst  the 


'  Tlie  ])it'rs  arc  built  intornally  with 
hollow  cuiiii>{irtiiu'nts,  as  at  tlic  Menai 
Uridyl',  till'  side  walls  lx'iii«;  3  feet 
thick  and  the  cruss  walls  li  fet't.  l*rt>- 
jirtiii}^  from  the  ]»iers  and  abutments 
are  j>ilasters  ut'  solid  iruisonry.  The 
main  arches  have  their  sprinj^jn*^ 
70  feet  from  tin'  foundations,  ami  risi? 
•  10  feet  ;  and  at  *J0  feet  hi;iher,  other 


arches,  of  UO  (evt  8|)an  and  10  feet 
riw,  are  cou8tnict<xi ;  the  face  of  these, 
projectiu*;  1x>forc  the  main  arches 
an<l  8]>andrelH,  ])roduciDg  a  distinct 
external  soffit  of  5  feet  in  breadth. 
This,  with  the  j»eeuUar  piers,  con- 
stitutes the  prinoi|inl  distinctive  fea- 
ture in  the  bridge. 
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stream  was  scarcely  deep  enough  to  float  a  herring-buss. 
Now,  the  Broomielaw  is  a  quay  frequented  by  ships  of 
the  largest  burden,  and  bustling  with  trade  and  com- 
merce. Skill  and  enterprise  have  deepened  the  Clyde, 
dredged  away  its  shoals,  built  quays  and  wharves  along 
its  banks,  and  rendered  it  one  of  the  busiest  streams  in 
the  world.  It  has  become  a  great  river  thoroughfare, 
worked  by  steam.  On  its  waters  the  first  steamboat 
ever  constructed  for  purposes  of  traflSc  in  Eiu'ope  was 
launched  by  Henry  Bell  in  1812 ;  and  the  Clyde  boats 
to  this  day  retain  their  original  prestige. 

The  deepening  of  the  river  at  the  Broomielaw  had 
led  to  a  gradual  undermining  of  the  foimdations  of  the 
old  bridge,  which  was  situated  close  to  the  principal 
landing-place.  A  little  above  it  was  an  ancient  overfall 
weir,  which  harl  also  contributed  to  scour  away  the 
foundations  of  the  piers.  Besides,  the  bridge  was  felt 
to  1x3  narrow,  inconvenient,  and  ill-adapted  for  accom- 
modating the  immense  traftic  piissing  across  the  Clyde 
at  that  point.  It  was,  therefore,  determined  to  take 
down  the  old  structure,  and  build  a  new  one ;  and  Mr. 
Telford  was  called  upon  to  supply  the  design.  The 
foundation  was  laid  with  great  ceremony  on  the  18th 
of  March,  1833,  and  the  new  bridge  was  completed  and 
opened  on  the  1st  of  January,  1836,  rather  more  than  a 
year  after  the  engineer's  death.  It  is  a  very  fine  work,* 
eoiisisting  of  seven  arches,  segments  of  circles,  the 
central  areh  being  58  feet  G  inches;  the  span  of  the 
adjoining  arches  diminishing  to  57  feet  9  inches,  55  feet 
i)  inches,  and  52  feet  res|xjctively.  It  is  560  feet  in 
length,  with  an  o|x?n  waterway  of  389  feet,  and  its 
total  width  of  carriageway  and  footpath  is  60  feet,  or 
wider  tlian  any  river  bridge  in  the  kingdom. 

Like  most  previous  engineers  of  eminence — like  Perry, 
Brindley,  Smeaton,  and  Rennie — Mr.  Telford  was  in  the 
(•onrs4»  of  his  life  extensively  employed  upon  the  drainage 

•  Sw  illutftratiuu  at  p  286. 
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of  tlie  Fen  districts.  He  had  been  jointly  concerned  with 
Mr.  Kennie  in  carrying  out  the  importsint  works  of  the 
Eau  Brink  Cut,*  and  at  Mr.  Rennie's  death  he  succeeded 
to  much  of  his  practice  as  consulting  engineer. 

It  was  pruicipally  in  designing  and  carrying  out  the 
drainage  of  the  North  Level  that  Mr.  Telford  distin- 
guished himself  in  Fen  drainage.  The  North  Level 
inc'ludes  all  that  part  of  the  Great  Bedford  Level  situ- 
ated between  Morton's  Leam  and  the  river  Wellaiid, 
comprising  about  48,000  acres  of  land.  The  river  Nene, 
wliicli  brings  down  from  the  interior  the  rainfall  of 
almost  tlie  entire  county  of  Northampton,  flows  through 
nearly  the  centre  of  the  district.  In  some  places  the 
stream  is  confined  by  eml)ankments,  in  others  it  flow^s 
along  artificial  cuts,  until  it  enters  the  great  estuary  of 
the  Wash,  about  five  miles  below  Wisbeach.  This  town 
is  situated  on  another  river  which  flows  through  the 
Level,  called  the  Old  Nene.  Below  the  point  of  junc- 
tion of  these  rivers  with  the  Wash,  and  still  more  to 
seaward,  was  South  Holland  Sluice,  through  which  the 
waters  of  the  South  Holland  Drain  entered  the  estuary.* 
At  that  point  a  great  mass  of  silt  had  accumulated, 
which  tended  to  choke  up  the  mouths  of  the  rivers 
further  inland,  rendering  their  navigation  difficult  and 
precarious,  and  seriously  inten'upting  the  drainage  of 
the  whole  lowland  district  traversed  by  both  the  Old 
and  New  Nene.  Indeed  the  sands  were  accumulating 
at  su(*h  a  rate,  that  the  outfall  of  the  Wisbeach  river 
threatened  to  become  completely  destroyed. 

Such  being  the  stiite  of  things,  it  was  determined  to 
take  the  opinion  of  some  eminent  engineer,  and  Mr. 
Kennie  was  employed  to  survey  the  district  and  re- 
commend a  meiisine  for  the  remedy  of  these  great  evils. 
He  i)crformed  this  service  in  his  usually  careful  and 
masterly  manner  ;  but  as  the  method  which  he  proposed, 
coinplete    though   it  was,  would  have   seriously  iuter- 

'  Sio  '  Lik-  ul"  llcimie,'  {k  108.  '  Sw  map  at  p.  50,  voL  L 
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fcred  with  tlie  trade  of  Wislycach,  by  leavinff  it  out  of 
the  line  of  navij^tion  and  drainage  which  lie  proposed 
to  oi)on  lip,  the  corponition  of  that  town  determined  to 
employ  another  enj^necr ;  and  Mr.  Telford  was  selected 
to  examine  and  reiK)rt  ii|x>n  the  whole  subject,  keeping: 
in  view  the  imi)rovement  of  the  river  immediately  adja- 
ami  to  the  town  of  Wisl)cach.  Mr.  Telford  confirmed 
Mr.  Hennie's  views  to  a  large  extent,  more  esi^ecially 
with  reference  to  the  construction  of  an  entirely 
new  outfall,  by  making  an  artificial  channel  from  Kin- 
clersley's  Cut  to  Cralnllole  Eye  smchorage,  by  which 
a  level  lower  by  nearly  twelve  feet  would  l>e  secured 
for  the  outfall  waters;  but  he  prefen-ed  leaving  the 
river  ()|>en  to  the  tide  as  high  as  Wisl>eaeh,  rather  than 
place  a  lock  with  dmw-doors  at  Lutton  Ix^am  &^luice,  as 
liad  been  proj>osed  by  Mr.  Rennie.  lie  also  KUggested 
that  the  Jicute  angle  at  the  HorscKhoe  1k}  cut  off  and 
the  river  deei>ened  up  to  the  bridge  at  WiKl)each, 
making  a  new  cut  along  the  bank  on  the  south  side  of 
the  town,  which  should  join  the  river  again  immediately 
alK)ve  it,  thereby  converting  the  intennediate  s])ace,  by 
<lniw-iloors  and  the  usual  contrivances,  into  a  floating 
dock.  Though  this  ])lan  was  api)roved  by  the  jmrties  in- 
terested in  the  <lrainage,  to  Telford's  great  mortifiaition 
it  was  opjMise^l  by  the  corixiration  of  Wisbeach,  and  like 
S4>  many  other  excellent  sc'hemes  for  the  hnprovement 
of  the  Fen  districts,  it  eventually  fell  to  the  grcmnd. 

The  cutting  of  a  new  outfall  for  the  river  Nene,  how- 
<»v(M%  could  not  much  longer  be  dehiyed  except  with 
great  <langer  to  the  reclaime<l  lands  of  the  North  Level, 
wlii<h,  but  for  wMue  relief  of  the  kind,  must  shortly  have 
l»iMM»mc  submerged  and  reduced  to  their  original  wsistc 
<-oiMlition.  The  subject  was  revive<l  in  1822,  and  Mr. 
Trltbrd  was  agjiin  <alkMl  ujmui,  in  conjunction  with  Sir 
•Inhn  Hcnnii',  whose  fathc»r  had  <lied  in  the  prcnxMling 
year,  to  submit  a  plan  of  a  new  Nene  Outfall;  but  it 
was   not    until   tlu»  vear  1H27  that  the  necvswiry  Act 
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was  obtained,  and  then  only  with  great  diflSculty  and 
cost,  in  consequence  of  the  opposition  of  the  town  of 
Wisbeach.  The  works  consisted  principally  of  a  deep 
cut  or  canal,  about  six  miles  in  length,  penetrating  far 
througli  the  sandbanks  into  the  deep  waters  of  the 
Wash.  They  were  commenced  in  1828,  and  brought 
to  completion  in  1830,  with  the  most  satisfactory 
results.  A  greatly  improved  outfall  was  secured  by  thus 
carrying  the  mouths  of  the  rivers  out  to  gea,  and  the 
drainage  of  the  important  agricultural  districts  through 
which  the  Nene  flows  was  greatly  benefited ;  whilst 
at  tlie  same  time  nearly  6000  acres  of  valuable  corn- 
growing  land  were  added  to  the  county  of  Lincoln. 

But  tlie  opening  of  the  Nene  Outfall  was  only  the  first 
of  a  series  of  improvements  which  eventujilly  included 
the  whole  of  the  valual)le  lands  of  the  North  Level,  in 
the  district  situated  l^etween  the  Nene  and  the  Welland. 
The  opening  at  Gunthorpe  Sluice,  wliich  w^as  the  outfall 
for  the  waters  of  the  Holland  Drain,  was  not  less  than 
eleven  feet  three  inches  above  low  water  at  Crab-Hole ; 
and  it  was  therefore  obvious  that  by  lowering  this  open- 
ing, a  vastly  improved  drainage  of  the  whole  of  the  level 
district,  extending  from  twenty  to  thirty  miles  inland, 
for  which  that  sluice  was  the  artificial  outlet,  would 
inmiediately  be  secured.  Urged  by  Mr.  Telford,  an  Act 
for  the  purpose  of  carrying  out  the  requisite  improve- 
ment was  obtained  in  1830,  and  the  excavations  having 
been  connnenced  shortly  after,  were  completed  in  1834. 
A  new  cut  was  made  from  Clow's  Cross  to  Gunthorpe 
Sluice,  in  place  of  the  winding  course  of  the  old  Shire 
Drain  ;  l)esides  which,  a  bridge  was  erected  at  Cross  Keys, 
or  Sutton  Wash,  and  an  embankment  made  across  the  Salt 
Marshes,  forming  a  high  road,  which,  with  the  bridges 
previously  erected  at  Fossdyke  and  Lynn,  eflfectually 
connected  the  counties  of  Norfolk  and  Lincoln.  The 
result  of  the  improved  outfiiU  was  what  the  engineer 
had    ])redictod.      A   thorough     natural     drainage    was 
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secured  for  an  extensive  district,  embracing  nearly  a 
hundred  thousand  acres  of  fertile  land,  which  had  liefore 
been  very  ineffectually  though  expensively  cleared  of 
the  surplus  water  by  means  of  windmills  and  steam- 
engines.  The  productiveness  of  the  soil  was  greatly 
increased,  and  the  health  and  comfort  of  the  inhabitants 
promoted  to  an  extent  that  surpassed  all  previous  ex- 
pectation. The  whole  of  the  new  cuts  were  easily 
navigable,  being  from  140  to  200  feet  wide  at  bottom, 
whilst  the  old  outlets  had  been  variable  and  often 
choked  with  shifting  sand.  The  district  was  thus  effec- 
tually o})ened  up  for  navigation,  and  a  ready  transit 
affoidcd  for  coals  and  other  articles  of  consumption. 
Wisbeach  became  readily  accessible  to  vessels  of  much 
hirger  burden,  and  in  a  few  years  after  the  construc- 
tion of  the  Xene  Outfall  the  trade  of  that  port  had  more 
than  doubled.  Mr.  Telford  himself,  towards  the  close  of 
his  life,  spoke  with  natural  pride  of  the  improvements 
which  he  had  thus  been  in  so  great  a  measure  instru- 
mental in  carrying  out,  and  which  had  so  materially 
l)romoted  the  comfort,  pros}Xirity,  and  welfare  of  a  very 
extensive  district.^ 

We  may  mention,  as  a  remarkable  effect  of  the 
ojK?iu*ng  of  the  new  outfall,  that  in  a  few  hours  the 
lowering  of  the  waters  was  felt  througliout  the  whole  of 
the  Fen  level.  The  sluggish  and  stagnant  drains,  cuts, 
and  Icams  in  far  distant  places,  began  actually  to  flaw; 
and  the   sensation  created  was  such,  that  at  Thomey, 

'  "Tlie  N«iK' Out  Tail  clianiu'l/*  says  puishcd  himself  by  his  foresight  and 
Mr.  rv(lu»  Wing,  "was  projitteti  by    |    judicious  counsels  at  the  most  critical 

till-   Iat<'   Mr.   Heniiie   in  1814,   and  i)eriod8  of  that  great  measure,  by  his 

fx«<ut««.i  j«»intly  !»y  Mr.  IVlfonl  and  unfailing  confidence  in  its  success,  and 

thr   prtscht   sir  .lolin   Hcnnic.     But  by  the  boldness  and  sagacity  which 

the  mIuiiic of  the  North  Ixvcl drainage  prompted  him  to  advise  the  making 

\\.\n  oiniiKutly  the  work  of  Mr.  Tel-  of  the  North  I^evel  drainage,  in  full 

fonl,  aii<l   wiiM  undertaken    ui^n   his  expectation  of  the  results  for  the  sake 

a.lvici'  and  res|xjnsil>ility,  when  only  of  which  the  Nene  Outlall  was  under- 

a  f«w   fiCTHonM  en<^ai;eil  in  the   Nene  taken,  and   which  are  now  realised 

(Mittall  Ixlievini  that  the  latter  could  to   the  extent  of  the  roost  sanguine 

U-    nja«l«',    nr  if  in;ide,  that  it  could  hopes." 
U-    n»aintaine«l.     Mr.  Telfonl  distin- 
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near  Peterborough,  some  fifteen  miles  from  the  sea,  tlie 
intelligence  penetrated  even  to  the  congregiition  at 
church — for  it  was  Sunday  morning — that  "  the  waters 
were  running;"  when  immediately  the  whole  flocked 
out,  ])arson  and  all,  to  see  the  gi-eat  sight,  and  acknow^- 
ledge  the  blessings  of  science.'  A  humble  Fen  poet  oi 
the  last  century  thus  quaintly  predicted  the  moml  results 
likely  to  arise  from  the  improved  drainage  of  liLs  native 
district : — 

"  With  a  change  <jf  elements,  suddenly 
There  shall  a  change  of  men  and  manners  be ; 
Hearts  thick  and  tough  as  hides  shall  feel  remorse, 
And  souLs  of  sedge  shall  imderstand  discourse; 
New  hands  shall  learn  to  work,  forget  to  steal, 
New  legs  shall  go  to  church,  new  knees  to  kneel." 

The  pro})hecy  has  indeed  been  amply  fulfilled.  The 
barbarous  race  of  Fen-men  has  disappeared  before  the 
skill  of  the  engineer.  As  the  land  has  been  drained, 
the  half-starved  fowlers  and  fen-roamers  have  subsided 
into  the  ranks  of  steady  industry ;  become  fannei"8, 
traders,  and  laboiucrs.  The  plough  has  passed  over  tlie 
bed  of  Holland  Fen,  and  the  agi*iculturist  reaps  his 
increase  more  than  a  hundred  fold.  Wide  watery  wastes, 
formerly  abounding  in  fish,  are  now  covered  with  waving 
crops  of  corn  every  summer.  Sheep  graze  oh  the  dry 
bottom  of  Whittlesea  Mere,  and  kine  low  where  not 
many  years  since  the  silence  of  the  waste  was  only  dis- 
turl)ed  by  the  croaking  of  frogs  and  the  screjmiing  of 
wild  fowl.  All  this  has  been  the  result  of  the  science  of 
the  engineer,  the  enterprise  of  the.  landowner,  and  the 
industry  of  our  peaceful  army  of  skilled  labourers.* 


*  *  r.and  wo  IJve  In,"  vol.  i.,  p.  371. 

-  Now  that  the  land  actually  won 
has  l)een  made  so  richly  pnKluctive, 
the  engineer  is  at  work  with  iniigni- 
licent  sehenies  (»f  reclamation  of  lands 
at  ])resent  suhmei-getl  by  the  sea. 
The  Norfolk  Kstfiary  Company  have 
a  schcmt^  \'nr  reclaiming  r)0,<.^X)  acres; 
the    liineoliishiiv    Kstuary  Comiumy, 


30,000  acres;  and  the  Victoria  LctcI 
Company,  150,000  acres — all  from  the 
estuary  of  the  Wash.  By  the  pro- 
cess called  warping,  the  land  is 
stea<lily  atlvimcing  ujx)!!  the  ocean, 
and  before  many  years  have  passed, 
thousands  of  acres  of  the  A  ictoria 
licvel  will  have  been  reclaimed  for 
l>urj)ose«  of  agriculture. 
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CHAPTER    XIV. 
Mr.  Telford's  later  Years — his  Death  and  Character. 

When  Mr.  Telford  had  occasion  to  visit  London  on 
business  during  the  early  period  of  his  career,  his  quar- 
ters were  at  the  Salopian  Coffee  House,  now  the  Ship 
Hotel,  at  Charing  Cross.  It  is  probable  that  his  Shrop- 
shire connections  led  him  in  the  first  instance  to  the 
'  Salopian  ; '  but  the  situation  being  near  to  the  Houses 
of  Parliament,  and  in  many  respects  convenient  for  the 
purposes  of  his  business,  he  continued  to  live  there  for 
no  less  a  |)eriod  than  twenty-one  years.  During  that 
time  the  Salopian  became  a  favourite  resort  for  engineers ; 
and  not  only  Telford's  provincial  associates,  but  numerous 
visitors  from  abroad  (where  his  works  attracted  even  more 
attention  than  they  did  in  England)  took  up  their  quar- 
ters there.  Several  apartments  were  specially  reserved 
for  Telford's  exclusive  use,  and  he  could  always  readily 
command  any  additional  accommodation  for  purposes  of 
business  or  hospitality.  The  successive  landlords  of  the 
Salopian  at  length  came  to  regard  the  engineer  as  a 
fixture,  and  even  l)ought  and  sold  him  from  time  to  time 
with  the  goodwill  of  the  business.  When  he  at  length 
resolved,  on  the  persuasion  of  his  friends,  to  take  a 
house  of  his  own,  and  gave  notice  of  his  intention 
of  leaving,  the  landlord,  who  had  but  recently  entered 
into  possession,  almost  stood  aghast.  "What!  leave 
the  house ! "  said  he ;  "  Why,  Sir,  I  have  just  paid 
75(1/.  for  you  !  "  On  explanation  it  appeared  that  this 
])ri('('  had  actually  l)een  paid  by  him  to  the  outgoing 
landlord,  on  the  assumption  that  Mr.  Telford  was  a 
fixture*  of  the  hotel;  the  previous  tenant  having  paid 
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450/.  for  him ;  the  increase  in  the  price  marking  very 
significantly  the  growing  importance  of  the  engineer's 
position.  There  was,  however,  no  help  for  the  discon- 
solate landlord,  and  Telford  left  the  Salopian  to  take 
possession  of  his  new  house  at  24,  Abingdon  Street. 
Labelye,  the  engineer  of  Westminster  Bridge,  had  for- 
merly occupied  the  dwelling;  and,  at  a  subsequent  period. 
Sir  William  Chambers,  the  architect  of  Somerset  House. 
Telford  used  to  fcike  much  pleasure  in  pointing  out  to 
his  visitors  the  painting  of  Westminster  Bridge,  impa- 
nelled in  the  wall  over  the  parlour  mantelpiece,  made 
for  Labelye  by  an  Italian  artist  whilst  the  bridge  works 
were  in  progress.  In  that  house  Telford  contiinied  to 
live  until  the  close  of  his  life. 

One  of  the  subjects  in  which  he  took  much  interest 
during  his  later  years  was  the  establishment  of  the  In- 
stitute of  Civil  Engineers.  In  1818  a  society  had  been 
formed,  consisting  principally  of  young  men  educated 
to  civil  and  mechanical  engineering,  who  occasionally 
met  to  discuss  matters  of  interest  relating  to  their 
profession.  As  early  as  the  time  of  Smeaton,  a  social 
meeting  of  engineers  was  occasionally  held  at  an  inn 
in  Holborn,  which  was  discontinued,  in  1792,  in  con- 
sequence of  some  personal  differences  amongst  the 
members.  It  was  revived  in  the  following  year,  imder 
the  auspices  of  Mr.  Jessop,  Mr.  Naylor,  Mr.  Rennie, 
and  Mr.  Whitworth,  and  joined  by  other  gentlemen  of 
scientific  distinction.  They  were  accustomed  to  dine 
together  every  fortnight  at  the  Crown  and  Anchor  in 
the  Strand,  spending  the  evening  in  conversation  on 
engineering  subjects.  But  as  the  numbers  and  import- 
ance of  the  profession  increased,  the  desire  began  to  be 
felt,  especially  amongst  the  junior  members,  for  an  insti- 
tution of  a  more  enlarged  character.  Hence  the  move- 
ment among  the  younger  men  to  which  we  have  alluded, 
and  which  led  to  an  invitation  to  Mr.  Telford  to  accept 
tlie  office  of  President  of  their  proposed  Engineers'  In- 
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stitute.  To  this  he  consented,  and  entered  upon  the 
duties  of  the  office  on  the  2l8t  of  March,  1820. 

During  the  remainder  of  his  life,  Mr.  Telford  continued 
to  watch  over  the  progress  of  the  society,  which  gra- 
dually grew  in  importj^nce  and  usefulness.  He  supplied 
it  with  the  nucleus  of  a  reference  library,  now  become 
of  great  value  to  its  members.  He  established  the  prac- 
tice of  recording  the  proceedings,*  minutes  of  discussions, 
and  substance  of  the  papers  read,  which  has  led  to  the 
accumulation,  in  the  printed  records  of  the  Institute,  of 
a  vast  body  of  information  as  to  engineering  practice. 
In  1828  he  exerted  himself  strenuously  and  successfully 
in  obtaining  a  Charter  of  Incorporation  for  the  society ; 
;inJ  finally,  at  his  death,  he  left  the  Institute  their  first 
l»c(iuest  of  2000/.,  together  with  many  valuable  books, 
and  a  large  collection  of  documents  which  had  been 
subservient  to  his  own  professional  laboiu-s. 

In  the  distinguished  position  which  he  occupied,  it 
wjis  natural  that  Mr.  Telford  should  be  called  upon,  as 
he  often  was,  towards  the  close  of  his  life,  to  give  his 
opinion  and  advice  as  to  i)rojects  of  public  importance. 
Where  strongly  conflicting  opinions  were  entertained 
on  any  sul)ject,  his  help  was  occasionally  foimd  most 
valual)le;  for  lie  possessed  great  tact  and  suavity  of 
manner,  which  often  enabled  him  to  reconcile  opposing 
interests  when  they  stood  in  the  way  of  important  enter- 
prisers. 


'     Wo    are    inturnuil     by    JcMcph  notes  cif  tlifl  enVKalioiw  wlikh  tnU 

Mitchell,  Ksq,  C'.K.,  of  the  origin  of  lowed  iMjMdillf  of  lll9^f«f«.     Mr* 

this    practice.      Mr.    MitelieU    was   a  Telfonl    nl(rrw»t3a   ^inl    him    iiiinfil 

jmpil  (»f  Mr.   Tellonl's,    living   with  extendi n.;    tf,,     ndtm,    f«i    whim   be 

iiini    in  hi.s  house   ut    '24,   Abin<{don  asked   |-nniKHH>n   1o  tmd  itvBm^  mkI 

Stntt.     It  wjis  the  engineer's  custom  was  8C<   mut  h    (Ji^Hfliit   l^iii   br   tfjok 

tM  have  a  <iiiuier-i>arty  ever}'  Tui's^lay,  them  t'    th*^  tm%l  mtd^DfL  Ami  nad 


ahtr    whicli    his    engineering    friends        t hern  t>    The  m«iilli«IA,     llr,  Mltsliai 
\v«  n>    invite<l    to   uc(*4>iniiany  him  to       was  ill' u  ttinitiUlf  uifiNiifltMl 


thi'  Institution,  the  mcetingH  of  which  of  convi  rfU^tirilui  to  ta#  bstitll 

wrre  then  hel«l  on  Tues<lny  evenings  the  cummiij  luiUtMT  Iibbi  gofttitMieil,  m 

ill    a    housi;    in   Buckingham   Street,  large  n^i-i   s  a1iL«t»]i!  {inu'tk^  fjifer- 

Strand.  The  meetings  did  not  usually  mation   m^ij»  ihiim  Uirh  iitacvU  cm  fi»- 

coii>i.Ht  ot  more  than  from  twenty  to  cord. 
thirty    |wrs<»nH.       Mr.    Mitchell    Uv>k 
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In  1828  he  was  appointed  one  of  the  commissioners 
to  investigate  the  subject  of  the  supply  of  water  to  the 
metropolis,  in  conjunction  with  Dr.  Roget  and  Pro- 
fessor Brande,  and  the  result  was  the  very  able  report 
published  in  that  year.  Only  a  few  months  before  his 
death,  in  1834,  he  prepared  and  sent  in  an  elaborate 
separate  report,  containing  many  excellent  practical 
suggestions,  which  had  the  effect  of  strongly  stimu- 
lating the  water  companies,  and  eventually  led  to  great 
improvements. 

On  the  subject  of  roads  he  was  the  very  highest 
authority,  his  friend  Southey  jocularly  styling  him  the 
"  Colossus  of  Roads "  as  well  as  "  Pontifex  Maximus." 
The  Russian  Government  frequently  consulted  him  with 
reference  to  the  new  roads  with  which  that  great  empire 
was  being  opened  up.  The  Polish  road  from  Warsaw 
to  Briesc  on  the  Russian  frontier,  120  miles  in  length, 
was  constructed  after  his  plans,  and  it  remains,  we 
believe,  the  finest  road  in  the  Russian  dominions  to 
this  day. 

1      a     I  r~n 1 


lie  was  consulted  by  the  Austrian  Government  on 
the  subject  of  bridges  as  well  as  roads.  Coimt  Szechenyi 
recounts  the  very  agreeable  and  instructive  interview 
which  he  had  with  Telford  when  he  called  to  consult 
liim  as  to  the  bridge  proposed  to  be  erected  across  the 
Danulic,  between  the  towns  of  Buda  and  Pestli.  On  a 
suspension  bridge  being  suggested  by  the  English  engi- 
neer, the  Count,  with  surprise,  asked  if  such  an  erection 
was  possible  under  the  circumstances  he  had  described  ? 
"  We  do  not  consider  anything  to  be  impossible,"  replied 
Telford  ;  "  impossibilities  exist  chiefly  in  the  prejudices  of 
mankind,  to  wliich  some  a^e  slaves,  and  from  which  few 
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are  able  to  emancipate  themselves  and  enter  on  the  path 
of  truth."  But  supposing  a  suspension  bridge  were  not 
deemed  advisable  under  the  circumstances,  and  it  were 
considered  necessary  altogether  to  avoid  motion,  "  then," 
said  he,  "  I  should  recommend  you  to  erect  a  cast  iron 
bridge  of  three  spans,  each  400  feet ;  such  a  bridge  will 
have  no  motion,  and  though  half  the  world  lay  a  wreck, 
it  would  still  stand."  *  The  suspension  bridge  was 
uveiitually  resolved  upon ;  it  was  constructed  by  one  of 
Mr.  Telford's  ablest  pupils,  Mr.  Tierney  Clark,  between 
the  years  1839  and  1850,  and  is  one  of  the  greatest 
triumplis  of  English  engineering  to  be  found  in  Europe, 
the  Buda-lVstli  people  proudly  declaring  it  to  be  "  the 
ei^i^hth  won<k'r  of  the  world." 

At  a  time  when  speculation  was  very  rife — in  the 
year  1825 — Mr.  Telford  was  consulted  respecting  a  grand 
scheme  for  cutting  a  canal  across  the  Isthmus  of  Darien ; 
an<l  nl>out  tlie  same  time  lie  was  employed  to  resurvey 
the  line  for  a  ship  canal — which  had  before  occupied  the 
attention  of  Whitworth  and  Rennie — ^between  Bristol 
and  the  English  Channel.  But  although  he  gave  great 
attention  to  this  latter  project,  and  prepared  nimierouB 
jilaiis  ;ind  re])ort8  upon  it,  and  although  an  Act  was 
actually  ])assed  enabling  it  to  he  rarrirM  -"4  ^y^-  -.^^^.^^ 
was  eventually  al)andoned,  like  the  preceiling  ones  with 
tlie  sime  object,  for  want  of  the  rc^fuiMift?  funds. 

Our  engineer  had  a  i>erfect  df  lcst;ttitm  of  erpeculAtiyo 
jol>l»ing  in  all  its  forms,  though  nn  unv  uecamou  ho  oould 
not  help  l)eing  used  as  an  instniment  by  Bchemem,  A 
pnl»lic  comi>any  was  got  up  at  LiverjKjol,  in  1827,  to 
form  a  l)road  and  deep  ship  ciinal^  of  about  ueTen  miles 
in  length,  from  opposite  Liverjiool  ti3  uearHolbre  ld%  in 
the  estuary  of  the  l)ee  :  its  obj( ><  t  w;is  to  enable  iltipping 
to  av(»i(l  the  varial»le  shoals  and  K;uid*l»(iiikii  wliich  oblrtrtu?! 
the  entrance  to  the  Mersey.  Mr,  Telfurd  entered  OH  ttso 
project  with  great  zeal,  and  hi^  name  wnw  widely  quulol 
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in  its  support.  It  appeared,  however,  that  one  of  its 
principal  promoters,  who  had  secured  the  right  of  pre- 
emption of  tlie  land  on  which  the  only  possible  entrance 
to  the  canal  could  be  formed  on  the  northern  side,  sud- 
denly closed  with  the  corporation  of  Liverpool,  who  were 
opposed  to  the  plan,  and  "  sold  "  his  partners  as  well  as 
the  engineer  for  a  large  sum  of  money.  Telford,  dis- 
gusted at  being  made  the  instrument  of  an  apparent 
fraud  upon  the  public,  destroyed  all  the  documents 
relating  to  the  scheme,  and  never  afterwards  spoke  of  it 
except  in  terms  of  extreme  indignation. 

About  the  same  time  the  formation  of  locomotive 
railways  was  extensively  discussed,  and  schemes  were  set 
on  foot  to  construct  them  between  several  of  the  larger 
towns.  But  Mr.  Telford  was  now  about  seventy  years 
old ;  and,  desirous  of  limiting  the  range  of  his  business 
rather  than  extending  it,  he  declined  to  enter  upon 
this  new  branch  of  engineering.  Yet,  in  his  younger 
days,  he  had  surveyed  numerous  lines  of  railway — 
amongst  others,  one  a^s  early  as  the  year  1805,  from 
Glasgow  to  Berwick,  down  the  vale  of  the  Tweed.  A 
line  from  Newcastle-on-Tyne  to  Carlisle  was  also  sur- 
veyed and  reported  on  by  him  some  years  later ;  and  the 
Stratford  and  Morcton  Railway  was  actually  constructed 
under  his  direction.  He  made  use  of  railways  in  all  his 
large  works  of  masonry,  for  the  purpose  of  facilitating 
the  haulage  of  materials  to  the  points  at  which  they  were 
required  to  be  deposited  or  used.  There  is  a  paper  of 
his  on  the  Inland  Na\ngation  of  the  County  of  Salop, 
contained  in  'The  Agricultural  Survey  of  Shropshire,' 
in  which  he  speaks  of  the  judicious  use  of  railways,  and 
reconmiends  that  in  all  future  surveys  "  it  be  an  instruc- 
tion to  the  engineers  that  they  do  examine  the  county 
witli  a  view  of  introducing  iron  railways  wherever  diflfi- 
culties  may  occur  with  regard  to  the  making  of  navigable 
canals."  When  the  project  of  the  Liverpool  and  Man- 
chester Railway  was  started,  we  are  informed  that  he 
was  offered  the  a])pointnient  of  engineer ;  but  he  declined. 
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partly  because  of  his  advanced  age,  but  also  out  of  a 
feeling  of  duty  to  his  employers,  the  Canal  Companies, 
stating  that  he  could  not  lend  his  name  to  a  scheme 
which,  if  carried  out,  must  so  materially  affect  their 
interests. 

Towards  the  close  of  his  life  he  was  afflicted  by  deaf- 
ness, which  made  him  feel  exceedingly  uncomfortable  in 
mixed  society.  Thanks  to  a  healthy  constitution,  unim- 
paired by  excess  and  invigorated  by  active  occupation, 
liis  working  powers  had  lasted  longer  than  those  of  most 
men.  lie  was  still  cheerful,  clear-headed,  and  skilfiil  in 
the  arts  of  his  profession,  and  felt  the  same  pleasure  in 
useful  work  that  lie  had  ever  done.  It  was,  therefore, 
witli  difficulty  that  he  could  reconcile  himself  to  the  idea 
of  retiring  from  the  field  of  honourable  labour,  which  he 
had  so  long  occupied,  into  a  state  of  comparative  inac- 
tivity. But  he  was  not  a  man  wlio  could  be  idle,  and 
he  <leterniined,  like  his  great  predecessor  Smeaton,  to 
occupy  the  remaining  years  of  his  life  in  arranging  his 
engineering  papers  for  publication.  Vigorous  though 
he  had  been,  he  felt  that  the  time  was  shortly  approach- 
ing when  tlie  wlieels  of  life  must  stand  still  altogether. 
Writing  to  a  friend  at  Langholm,  he  said,  "Having  now 
Ijcen  occupied  for  aljout  seventy-five  years  in  incessant 
exertion,  I  have  for  some  time  past  arranged  to  decline 
the  ccmtcst;  but  the  numerous  works  in  which  I  am 
engaged  have  hitherto  prevented  my  succeeding.  In  the 
mean  time  I  occasionally  amuse  myself  with  setting  down 
in  what  manner  a  long  life  has  been  lal)oriously,and  I  hope 
usefully,  emj>loyed."  And  again,  a  little  later,  he  writes  : 
''  Duiing  the  last  twelve  months  I  have  had  several  rubs ; 
at  seventy-seven  they  tell  more  seriously  than  formerly, 
and  call  for  less  exertion  and  require  greater  precau- 
tions. I  fancy  that  few  of  my  age  belonging  to  the 
valley  i)f  the  Esk  remain  in  the  land  of  the  living."  * 

One  of  the  last  works  on  which  Mr.  Telford  was  pro- 

'  I>  tiir  to  Mis.  \aU\v,  Tout  Oftioc,  lAiigholm,  28th  August,  1888. 
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fessionally  consulted  was  at  the  instance  of  the  Duke 
of  Wellington — not  many  years  younger  than  himself, 
but  of  equally  vigorous  intellectual  powers — as  to  the 
improvement  of  Dover  Harbour,  then  falling  rapidly  to 
decay.  The  long-continued  south-w^esterly  gales  of 
1833-4  had  the  effect  of  rolling  an  immense  quantity 
of  shingle  up  Channel  tow^ards  that  port,  at  the  entmnce 
to  which  it  became  deposited  in  luuisual  quantities,  so  as 
to  render  it  at  times  altogether  inaccessible.  The  Duke, 
as  a  military  man,  took  a  more  than  ordinary  mterest 
in  the  improvement  of  Dover,  as  the  military  and  naval 
station  nearest  to  the  French  coast;  and  it  fell  to  him 
as  Lord  AVarden  of  the  Cinque  Porta  to  watch  over 
the  preservation  of  the  harbour,  situated  at  a  point  in 
the  English  Channel  which  he  regarded  as  of  great  stra- 
tegic importance  in  the  event  of  a  continental  w^ar. 
He  therefore  desired  Mr.  Telford  to  visit  the  place  and 
give  his  oi)inion  as  to  the  most  advisable  mode  of  pro- 
cedure with  a  view  to  improving  the  harbour.  The 
result  was  a  report,  in  which  the  engineer  recommended 
a  plan  of  sluicing,  similar  to  that  adopted  by  Mr.  Smeaton 
at  Eamsgate,  and  which  was  afterwards  carried  out  with 
considerable  success  by  Mr.  James  Walker,  C.E. 

This  was  his  last  piece  of  professional  work.  A  few 
months  later  he  was  laid  up  by  bilious  derangement  of 
a  serious  character,  which  recurred  with  increased  vio- 
lence towards  the  close  of  the  year ;  and  on  the  2nd  of 
September,  1834,  Thomas  Telford  closed  his  nseftil  and 
honoured  career,  at  the  advanced  age  of  seventy-seven. 
With  that  absence  of  ostentation  which  characterised  him 
through  life,  he  directed  that  his  remains  should  be  laid, 
without  ceremony,  in  the  burialgi'ound  of  the  parish 
chinch  of  St.  Margaret's,  Westminster.  But  the  members 
of  the  Institute  of  Civil  Engineers,  who  justly  deemed 
him  Iheir  benefactor  and  chief  ornament,  urged  upon  his 
executors  the  propriety  of  interring  him  in  Westminster 
AI)I)ey.  He  was  buried  there  accordingly,  near  the 
nii<l(lIo  of  the  nave;  where  the  lettei-s,  "Thomas  Tel- 
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ford,  1834,"  mafk  the  place  beneath  which  he  lies.* 
The  adjoining  stone  bears  the  inscription,  "  Robert 
Stephenson,  1859,"  that  engineer  having  during  his  life 
expressed  the  wish  tliat  his  body  should  be  laid  near 
that  of  Telford ;  and  the  son  of  the  Killingworth  en- 
gineman  thus  sleeps  by  the  side  of  the  son  of  the 
Eskdale  shepherd. 


UAL    1  I  A(  K    LV    \Sr..->i  ii.SSltK   AHHKY. 


It  was  a  long,  a  successful,  and  a  useful   life  which 
thus  ended.     Every  step  in  his  upward  career,  from  the 


'  A  statue  of  liiin,  by  rmilfv,  !nui 
siiici'  Win  ulac*"*!  in  the  last  aihlc  of 
the  n(»rtii  transept,  known  as  tlK>  Ihlip 
rii;i|nl.  It  in  (onhiilrrni  a  lin«*  work, 
Imt  ith  ellWt  ifs  qnitc  l«»ht  in  cons**- 
i|u»  hr»'  of  tin*  now*!*""!  htal<'  of  tin- 
aihlr,  wliirli   lia.s  very  nnicli  tlie  K«»k 
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of  a  8ciilptor*8  workshop.  TI10  «ik^ 
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poor  peasant's  hut  in  Eskdale  to  Westminster  Abbey, 
was  nobly  and  valorously  won.  The  man  was  diligent 
and  conscientious ;  whether  as  a  working  mason  hewing 
stone  blocks  at  Somerset  House,  as  a  foreman  of  builders 
at  Portsmouth,  as  a  road  surveyor  at  Shrewsbury,  or 
as  an  engineer  of  bridges,  canals,  docks,  and  harbours. 
The  success  which  followed  his  efforts  was  thorougldy 
well  deserved.  He  was  laborious,  pains-taking,  and 
skilful;  but,  what  was  better,  he  was  honest  and  upright. 
He  was  a  most  reliable  man ;  and  hence  he  came  to  be 
extensively  trusted.  Whatever  he  undertook,  he  endea- 
voured to  excel  in.  He  would  be  a  first-rate  hewer, 
and  he  became  so.  He  was  himself  accustomed  to  attri- 
bute much  of  his  success  to  the  thorough  way  in  which 
he  had  mastered  the  hmnble  beginnings  of  this  trade. 
He  was  even  of  opinion  that  the  course  of  manual 
training  he  had  undergone,  and  the  drudgery,  as  some 
would  call  it,  of  daily  labour — first  as  an  apprentice, 
and  afterwards  as  a  journeyman  mason — had  been  of 
greater  service  to  him  than  if  he  had  passed  through 
the  curriculum  of  a  University.  Writing  to  his  friend. 
Miss  Malcolm,  respecting  a  young  man  who  desired 
to  enter  the  engineering  profession,  he  in  the  first 
place  endeavoured  to  dissuade  the  lady  from  encourag- 
ing the  ambition  of  her  proUgi^  the  profession  being 
overstocked,  and  offering  very  few  prizes  in  proportion 
to  \S\^  large  number  of  blanks.  "  But,"  he  added,  "  if 
civil  engineering,  notwithstanding  these  discourage- 
ments, is  still  preferred,  I  may  point  out  that  the  way 
in  which  both  Mr.  Rennie  and  myself  proceeded,  was  to 
serve  a  regular  apprenticeship  to  some  practical  employ- 
ment— he  to  a  millwright,  and  I  to  a  general  house- 
builder.  In  this  way  we  secured  the  means,  by  hard 
lal)our,  of  earning  a  subsistence ;  and,  in  time,  we  ob- 
tained by  good  conduct  the  confidence  of  our  employers 
and  tlie  public ;  eventually  rising  into  the  rank  of  what 
is  called  Civil  Engineering.     Tliis  is  the  true  way  of 
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acquiring  practical  skill,  a  thorough  knowledge  of  the 
materials  employed  in  construction,  and  last,  but  not 
least,  a  perfect  knowledge  of  the  habits  and  dispositions 
of  the  workmen  who  carry  out  our  designs.  This  course, 
although  forbidding  to  many  a  young  person,  who  be- 
lieves it  possible  to  find  a  short  and  rapid  patli  to  dis- 
tinction, is  proved  to  be  otherwise  by  the  two  examples 
I  have  cited.  For  my  own  part,  I  may  truly  aver  that 
*  steep  is  the  ascent,  and  slippery  is  the  way.'  "  ^ 

That  Mr.  Telford  was  enabled  to  continue  to  so  ad- 
vanced an  age  employed  on  laborious  and  anxious  work, 
was  no  doubt  attributable  in  a  great  measure  to  the 
cheerfulness  of  his  nature.  He  was,  indeed,  a  most 
happy-minded  man.  It  will  be  remembered  that,  when 
a  boy,  he  had  been  known  in  his  valley  as  "  Laughing 
Tam."  The  same  disposition  continued  to  characterize 
him  even  in  his  old  age.  He  was  playful  and  jocular, 
and  rejoiced  in  the  society  of  children  and  young  people, 
esi)ecially  when  well-informed  and  modest.  But  when 
they  pretended  to  acquirements  they  did  not  possess,  he 
was  quick  to  detect  and  see  through  them.  One  day  a 
youth  expatiated  to  him  in  very  large  terms  about  a 
friend  of  his,  who  had  done  this  and  that,  and  made  so 
and  so,  and  could  do  all  manner  of  wonderful  things. 
Telford  listened  with  great  attention,  and  when  tfie 
youth  had  done,  he  (juietly  asked,  with  a  twinkle  in  his 
eye,  "  Pray,  can  your  friend  lay  eggs  ?  " 

When  in  society  he  gave  himself  up  to  it,  and  tho- 
roughly enjoyed  it.  He  did  not  sit  apart,  a  moody  and 
al>stracted  "  lion ; "  nor  desire  to  be  regarded  as  "  the 
^reat  engineer,"  pondering  new  Menai  Bridges ;  but  he 
aj^xiared  in  his  natural  character  of  a  simple,  intelligent, 
cheerful  cominuiion  ;  as  ready  to  laugh  at  his  own  jokes 
as  at  other  [)eople'H ;  and  he  was  as  communicative  to  a 
child  as  to  any  philosopher  of  the  party. 


Li  ttc  r  tn  Misri  Miiloulin,  Burnfciut,  Langholm,  dated  7tb  Oct,  1830. 

2  I  2 


4B4       FRIENDSHIP  WITH  SOUTTTEY  AND  CAMPBEI.L.     J»Airr  VIIT. 

Robert  Soiithey,  than  whom  there  was  no  better  judge 
of  a  loveable  man,  said  of  him,  "  I  would  go  a  long 
way  for  the  sake  of  seeing  Telford  and  spending  a  few 
days  in  his  company."  Southey  had  the  best  oppor- 
tunity of  kno^ving  him  well ;  for  he  perfomied  a  long 
tour  with  him  through  Scotland,  in  1819.  And  a 
journey  in  comj)any,  extending  over  many  weeks,  is, 
probably,  better  than  anything  else,  calculated  to  bring 
out  the  weak  as  well  as  the  strong  points  of  a  fi'iend  : 
indeed,  many  friendships  have  completely  broken  down 
under  the  severe  test  of  a  single  week's  toin-.  But 
Southey  on  that  occasion  firmly  cemented  a  friencLship 
which  lasted  until  Telford's  death.  On  one  occasion 
the  latter  called  at  the  poet's  house,  in  company  with 
Sir  Henry  Parncll,  when  engaged  upon  the  survey  of 
one  of  his  northern  roads.  Unhappily  Southey  was 
absent  at  the  time ;  and,  writing  about  the  circmnstance 
to  a  correspondent,  he  sjiid,  "  This  was  a  great  moi-ti- 
fication  to  me,  inasmuch  as  I  owe  Telford  every  kind 
of  ti'iendly  attention,  and  like  him  heartily."  ^ 

Campbell,  the  poet,  was  another  early  friend  of  our 
engineer ;  and  the  attachment  seems  to  have  been 
mutual.  Writing  to  Dr.  CiuTie,  of  Liverpool,  in  1802, 
Campljell  says  :  "  I  have  become  acquainted  with  Telford 
the  engineer,  '  a  fellow :  of  infinite  himiour,'  and  of 
strong  enterprising  mind.  He  has  almost  made  me  a 
bridge-l)uilder  already ;  at  least  he  has  inspired  me  with 
new  sensations  of  interest  in  the  improvement  and 
ornament  of  our  country.  Have  you  seen  his  plan  of 
London  Bridge  ?  or  his  scheme  for  a  new  canal  in  the 
North  Highlands,  which  will  unite,  if  put  in  effect,  our 
Eastern  and  Atlantic  commerce,  and  render  Scotland 
the  very  emporium  of  navigation  ?  Telford  is  a  most 
useful  cicerone  in  London.  He  is  so  universally  ac- 
quainted, and  so  popular  in  his  manners,  that  he  can 

»  *  Selections   from   tlie    Letters  of  Kolnirt   Southey.*      Editai  by  J,  W. 
Waiter,  B.l).     Vol.  iii.,  p.  32G. 
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introduce  one  to  all  kinds  of  novelty,  and  all  descrip- 
tions of  interesting  society."  *  Shortly  after,  Campbell 
named  his  first  son  after  Telford,  who  stood  godfather 
for  the  boy.  Indeed,  for  many  yeara,  Telford  played 
the  part  of  Mentor  to  the  young  and  impulsive  poet, 
advising  him  about  his  course  in  hfe,  trying  to  keep 
hini  steady,  and  holding  him  aloof  as  much  as  pos- 
sible from  the  seductive  .allurements  of  the  capital.  But 
it  wjus  a  difficult  task,  and  Telford's  nmnerous  engage- 
ments necessjirily  left  the  poet  at  many  seasons  very 
much  to  himself.  It  appears  that  they  were  living 
t<»<i;ether  at  the  Salopian  when  Campbell  composed 
the  first  draft  of  his  poem  of  Hohenlihden;  and 
several  ini])()rt;int  emendations  made  in  it  by  Telford 
were  adoi)ted  by  Campbell.  Although  the  two  friends 
|)ursued  different  roads  in  life,  and  for  many  years  saw 
little  of  each  other,  they  often  met  again,  especially 
after  Telford  took  up  his  abode  at  his  house  in  Abingdon 
Street,  where  Campbell  was  a  frequent  and  always  a 
welcome  guest. 

When  en<j^.i<::ed  upon  his  surveys,  our  engineer  was 
the  sjuiie  sini]»le,  cheerful,  laborious  man.  While  at 
\v(»rk,  he  gave  his  whole  mind  to  the  subject  in  hand, 
thiiikiiijj^  of  nothing  else  for  the  time;  dismissing  it 
:it  the  close  of  each  day's  work,  but  ready  to  take  it  up 
atVcsli  with  the  next  day's  duties.  This  was  a  great 
advantage  to  him  as  respected  the  prolongation  of  his 
working  faculty.  He  did  not  take  his  anxieties  to  bed 
with  him,  as  many  do,  and  rise  up  with  them  in  the 
nioiiiiiig;  but  he  laid  down  the  load  at  the  end  of  each 
day,  and  resmned  it  all  the  more  cheerfully  when  re- 
tVi'shed  and  invigorated  by  natimil  rest.  It  was  only 
while  the  engrossing  anxieties  connected  with  the  8U»- 
jKiision  of  the  Menai  Bridge  were  weighing  heavily 
upon  his  mind,  that  he  could  not  sleep;  and  then,  age 

'  IVattiv'rt  *  IMv  ;iiul  I^ctU-ni  of  Thunmii  Campbell/  rol  i.,  p.  461. 
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having  stolen  upon  liim,  he  felt  the  strain  almost  more 
than  he  could  Lear.  But  that  great  anxiety  over,  his 
spirits  speedily  resumed  their  wonted  elasticity. 

Wlien  engaged  upon  the  construction  of  the  Carlisle 
and  Glasgow  road,  he  was  very  fond  of  getting  a  few  of 
the  "  navvy  men,"  as  he  called  them,  to  join  him  at  an 
ordinary  at  the  Hamilton  Arms  Hotel,  Lanarkshire,  each 
paying  his  own  expenses ;  and  though  Telford  told  them 
he  could  not  drink,  yet  he  would  carve  and  draw  corks 
for  them.  One  of  the  rules  he  laid  down  wa«,  that  no 
business  was  to  be  introduced  from  the  moment  they  sat 
down  to  dinner.  All  at  once,  from  being  the  plodding, 
hard-working  engineer,  with  responsibility  and  thought 
in  every  feature,  Telford  imbended  and  relaxed,  and 
became  the  merriest  and  drollest  of  the  party.  He  pos- 
sessed a  great  fmid  of  anecdote  available  for  such  occa- 
sions, had  an  extraordinary  memory  for  facts  relating  to 
persons  and  families,  and  the  wonder  to  many  of  his 
auditors  was,  how  in  all  the  world  a  man  living  in  London 
should  know  so  much  better  about  their  locality  and 
many  of  its  oddities  than  they  did  themselves. 

In  his  leisure  hours  at  home,  which  were  but  few,  he 
occupied  himself  a  good  deal  in  the  perusal  of  miscel- 
laneous literature,  never  losing  his  taste  for  poetry. 
He  continued  to  indulge  in  the  occasional  composition 
of  verses  until  a  comparatively  late  period  of  his  life ; 
one  of  his  most  successful  efforts  being  a  translation  of 
the  '  Ode  to  May,'  from  Buchanan's  Latin  poems,  exe- 
cuted in  a  very  tender  and  graceful  manner.  That  he 
might  be  enabled  to  peruse  engineering  works  in  French 
and  German,  he  prosecuted  the  study  of  those  languages, 
and  with  such  success  that  he  was  shortly  able  to  read 
them  with  comparative  ease.  He  occasionally  occupied 
himself  in  literary  composition  on  subjects  connected 
with  liis  profession.  Thus  he  wrote  for  the  Edinburgh 
Eii(yclo])edin,  conducted  by  his  friend  Sir  David  (then 
Dr.)  Brewster,  the  elaborate  and  able  articles  on  Archi- 
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tecture,  Bridge-building,  and  Canal  making.  Besides 
his  contributions  to  that  work,  he  advanced  a  consider- 
able sum  of  money  to  aid  in  its  publication,  which 
remained  a  debt  due  to  his  estate  at  the  period  of  his 
death. 

Although  occupied  as  a  leading  engineer  for  nearly 
forty  years — having  certified  contractors'  bills  during 
that  time  amounting  to  many  milhons  sterling — he 
died  in  comparatively  moderate  circumstances.  Eminent 
constructive  ability  was  not  very  highly  remunerated  in 
Telford's  time,  and  his  average  income  did  not  amount 
to  more  tlian  is  paid  to  the  resident  engineer  of  any 
modem  railway.  But  Telford's  charges  were  perhaps 
unusually  low — so  much  so  that  a  deputation  of  members 
of  the  profession  on  one  occasion  formally  expostulated 
with  him  on  the  subject. 

Although  he  could  not  be  said  to  have  an  indifference 
for  money,  he  yet  estimated  it  as  a  thing  worth  infinitely 
less  than  character.  His  wants  were  few,  and  his  house- 
hold expenses  small ;  and  though  he  entertained  many 
visitors  and  friends,  it  waK  in  a  quiet  way  and  on  a 
moderate  scale.  Tlie  small  regard  he  had  for  personal 
dignity  may  be  inferred  from  the  fact,  that  to  the  last  he 
continued  the  practice,  which  he  had  learnt  when  a  work- 
\n<r  mason,  of  darning  his  own  stockings.'  But  he  had 
nevertheless  the  highest  idea  of  the  dignity  of  his  pro- 
fession ;   not,  however,  because  of  the  money  it  would 


'  Mr.  Mitchell  says  :  "  He  lived  at 
the  nite  nf  aUiiit  V^OOl.  a  year.  He 
kept  a  ejirriji^e,  luit  no  horsi*s,  aiul 
UMt]  hi.searria;;e  j»rinci|>ally  fur  makinj; 
his  jounievs  through  the  c<Mintry  on 
I  nisi  I  less.  I  nnce  atfoni|itinie<l  him  to 
Ibth  an<l  Cornwall,  when  he  uMule 
nir  keep  an  aeounite  journal  of  all  I 
Kwv.  \\v  us4*<l  to  lecture  us  on  U'injij 
in<h'|icn(lent,  even  in  little  niattcrH, 
ami  not  jwk  Hervanta  to  <lo  for  iw 
what  we  might  esisily  do  for  ourselves. 
He  earrietl  in  his  jwicket  a  snmll  book 
ouitaining  mn'tlh'H,  thri'ail,  and  but- 


tons, and  on  an  emcr^cy  was  always 
rviuly  to  put  in  a  stitch.  A  curious 
habit  he  had  of  mending  his  stock- 
ings, which  I  suppose  he  acquired 
when  a  working  mason.  He  would 
not  permit  his  housekeeper  to  touch 
them,  but  after  his  work  at  night, 
about  nine  or  half-riasty  he  would  go 
upstairs,  and  take  down  a  lot,  and  sit 
mending  them  with  great  apparent 
delight  in  his  own  room  till  bed-time. 
I  liave  frequently  gone  in  to  him  with 
some  mestage,  and  found  him  oocn- 
pied  with  this  work.** 
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produce,  but  of  the  great  things  it  was  calculated  to 
accomplish.  In  his  most  confidential  letters  we  find  him 
often  expatiating  on  the  noble  works  he  was  engaged  in 
designing  or  constructing,  and  the  national  good  likely 
to  flow  fi'om  them,  but  never  on  the  pecuniary  advan- 
tages he  himself  was  to  reap.  He  doubtless  prized,  and 
prized  highly,  tlie  reputation  they  would  bring  him ;  and, 
above  all,  there  seemed  to  be  uppennost  in  his  mind, 
especially  in  the  earlier  part  of  his  career,  whilst  many 
of  his  schoolfellows  were  still  alive,  the  thought  of 
"  Wliat  will  they  say  of  this  in  Eskdale  ? "  but  bs  for 
the  money  results  to  himself,  Telford  seemed,  to  the 
close  of  his  life,  to  regfird  them  as  of  comparatively  small 
moment. 

During  the  twenty-one  years  that  he  acted  as  principal 
engineer  for  the  Caledonian  Canal,  we  find  from  the  Par- 
liamentary returns  that  the  amount  paid  to  him  for  his 
reports,  detailed  plans,  and  superintendence,  was  exactly 
237/.  a-year.  When  he  conceived  the  works  to  be  of 
great  public  importance,  and  promoted  by  public-spirited 
persons  at  their  own  expense,  he  refused  to  receive  any 
pa;yinent  for  his  labour,  or  even  repayment  of  the  ex- 
penses incurred  by  him.  Thus,  while  employed  by  the 
Government  in  the  improvement  of  tlie  Highland  roads, 
he  persuaded  himself  that  he  ought  at  the  same  time  to 
promote  the  similar  patriotic  objects  of  the  British 
Fisheries  Society,  which  were  carried  out  by  volimtary 
subscription ;  and  for  many  years  he  acted  as  tlieir 
engineer,  refusing  to  accept  any  remuneration  whatever 
for  his  trouble,^ 

Mr.  Telford  held  the  sordid  money-grubber  in  perfect 
detestation.     He  was  of  opinion  that  the  adulation  paid 


1  "llio  British  Fisheries  Society,"  j  being  inscribed   with  cxpreflsioDB  of 

adds  Mr.   Hickniiin,  "did  not  sutler  their  thankfulness  and  gratitude  to- 

tliciiiselves  to  Ik?  entirely  outdone  in  '  wards  him,  lie  could  not-  ncMsibly  re- 

lilwrality,    and    sliortly     Ix'fore    his  I  fuse  to  accept.** — *  I^ife  of  Telford,'  |i. 

doatli  they  ])res.sed  uihui  Mr.  Telfonl  I  283. 

a  very  Imndsonie  ^ift  ot  plate,  which,  ; 
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to  mere  money  was  one  of  the  greatest  dangers  with 
which  modem  society  was  threatened.  "  I  admire  com- 
mercial enterprise,"  he  would  say;  "it  is  the  vigorous 
outgrowth  of  our  industrial  life :  I  admire  everything 
that  gives  it  free  scope,  as  wherever  it  goes,  activity, 
energy,  intelligence — all  that  we  call  civilization — ac- 
company it ;  but  I  hold  that  the  aim  and  end  of  all  ought 
not  to  be  a  mere  bag  of  money,  but  something  far  higher 
and  far  better." 

Writing  once  to  his  Langholm  correspondent  about 
an  old  schoolfellow,  who  had  grown  rich  by  scraping, 

Telfurd  said  :    "  Poor  Bob  L !     His  industry  and 

sagjicity  were  more  than  coimterbalanced  by  his  childish 
vanity  and  silly  avarice,  which  rendered  his  friendship 
dangerous  and  liis  conversation  tiresome.  He  was  like 
a  man  in  London,  whose  lips,  while  walking  by  himself 
along  the  streets,  were  constantly  ejaculating  *  Money! 
Money  ! '  But  peace  to  Bob's  memory  :  I  need  scarcely 
add,  confusion  to  his  thousands !  "  He  himself  was  most 
careful  in  resisting  the  temptations  to  which  men  in  his 
position  are  frequently  exposed ;  but  he  was  preserved 
l)y  his  honest  pride,  not  less  than  by  the  purity  of  his 
cliaracter.  He  would  not  receive  anything  in  the  shape 
of  piesents  or  testimonials  from  persons  employed  under 
liini  as  contractors;  for  he  would  not  have  even  the 
shadow  of  an  obligation  stand  in  the  way  of  performing 
his  vv/u\  duty  to  th(jse  who  employed  him  to  watch  over 
and  protect  their  interests. 

Yet  Telford  was  not  without  a  proper  regard  for 
UKUU'V,  as  a  means  of  conferring  benefits  on  others,  and 
especially  as  a  means  of  being  independent.  By  the 
close  of  his  life  he  had  accunmlated  as  much  as,  invested 
at  interest,  would  bring  him  in  about  800/.  a-year,  and 
eiial)le  him  to  occui)y  the  house  in  Abingdon  Street 
until  he  ilied.  This  was  amply  sufficient  for  his  wants, 
and  more  than  enough  for  i)erfect  independence.  It 
iiiahl(  d  liini  also  to  continue  those  secret  acts  of  bene- 
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voleiice  which  constituted  perhaps  the  most  genuine 
pleasure  of  his  life.  It  is  one  of  the  most  delightfiil 
traits  in  this  excellent  man's  career  to  find  him  so  con- 
stantly occupied  in  works  of  spontaneous  charity,  in 
places  so  remote  that  it  is  impossible  the  slightest  feeling 
of  ostentation  could  ever  have  sullied  the  purity  of  liis 
acts.  Among  the  large  mass  of  Telford's  private  letters 
which  have  been  submitted  to  us,  we  find  constant  refer- 
ence to  simis  of  money  transmitted  for  the  support  of 
poor  people  in  his  native  valley.  At  new  year's  time  he 
regularly  sent  a  remittance  of  from  30/.  to  50/.,  to  l>e 
distributed  by  the  kind  Miss  Malcolm  of  Bumfoot,  and, 
after  her  death,  by  Mr.  Little,  the  postmaster  at  Lang- 
holm; and  the  contributions  thus  so  kindly  made  did 
much  to  fend  off  the  winter's  cold,  and  surround  with 
many  small  comforts  those  who  most  needed  help,  but 
were  perhaps  too  modest  to  ask  it. 

Many  of  those  in  the  valley  of  the  Esk  had  known  of 
Telford  in  his  younger  years  as  a  poor  barefooted  boy ; 
yet  though  become  a  man  of  distinction,  he  had  too 
much  good  sense  to  be  ashamed  of  his  humble  origin ; 
perhaps  he  even  felt  proud  that,  by  dint  of  his  owii 
valorous  and  persevering  efforts,  he  had  been  able  to  rise 
so  much  above  it.  Throughout  his  long  life  his  heart 
always  warmed  at  the  thought  of  Eskdale.  He  rejoiced 
at  the  honourable  rise  of  Eskdale  men  as  reflecting 
credit  upon  liis  "  beloved  valley."  Thus,  writing  to  his 
Langholm  correspondent,  with  reference  to  the  honours 
conferred  on  the  different  members  of  the  family  of 
Malcolm,  he  siiid :  "  The  distinctions  so  deservedly  be- 
stowed upon  the  Burnfoot  family,  establish  a  splendid 
era  in  Eskdale  ;  and  almost  tempt  your  correspondent  to 
sport  his  Swedish  honours,  which  that  gratefiil  country 
has  re])eatedly,  in  spite  of  refusal,  transmitted."  *  It 
miglit  be  said  that  there  was  narrowness  and  provin- 
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cialism  in  this;  but  when  yoirng  men  are  thrown  into 
the  world,  with  all  its  temptations  and  snares,  it  is  well 
that  the  recollections  of  home  and  kindred  should  survive 
to  liold  them  in  the  path  of  rectitude,  and  cheer  them  in 
their  onward  and  upright  course  in  life.  And  there  is 
no  doubt  that  Telford  was  borne  up  on  many  occasions 
by  the  thought  of  what  the  folks  in  the  valley  woidd  say 
about  him  and  his  progress  in  life,  when  they  met  toge- 
tlier  at  market,  or  at  the  Westerkirk  church  porch  on 
Sabl)atli  mornings.  In  this  light,  provincialism  or 
local  patriotism  is  a  prolific  source  of  good ;  and  may 
l)c  regarded  as  among  the  most  valuable  and  beautiftil 
einanations  of  the  parish  life  of  our  country.  Although 
Telford  was  honoured  with  the  titles  and  orders  of 
merit  conferred  u])on  him  by  foreign  monarchs,  what  he 
esteemed  beyond  them  all  was  the  respect  and  gratitude 
of  his  own  countrymen ;  and,  not  least,  the  honour 
which  his  really  noble  arid  beneficent  career  was  calcu- 
lated to  reflect  upon  "  the  folks  of  the  nook,**  the  remote 
inhabitants  of  his  "beloved  Eskdale." 

When  the  engineer  proceeded  to  dispose  of  his  savings 
by  will,  which  he  did  a  few  months  before  his  death,  the 
distribution  was  a  comparatively  easy  matter.  The  total 
amount  of  his  bequeathments  was  16,600/.  About  one- 
fourth  of  the  whole  he  set  apart  for  educational  pur- 
lM)ses, — 2,000/.  to  the  Civil  Engineers*  Institute,  and 
1,000/.  each  to  the  ministers  of  Langholm  and  Wester- 
kiik,  in  trust  for  the  parish  libraries.  The  rest  was 
U'ciuoathed,  in  sums  of  from  200/.  to  500/.,  to  diflferent 
jK'rsoiis  who  had  acted  as  clerks,  assistants,  and  sur- 
veyors, in  his  various  public  works;  and  to  his  intimate 
|K'isonal  friends.  Amongst  these  latter  were  Colonel 
Taslev,  the  nei)hew  of  his  e<arly  benefactor;  Mr.  Rick- 
nijiii,  Mr.  Milne,  and  Mr.  Hope,  his  three  executors ;  and 
Hobert  Southey  and  Thomas  Campbell,  the  poet».  To 
both  of  these  last  the  gift  was  most  welcome.  Southey 
saiil  of  his :  ''  Mr.  Telford  has  most  kindly  and  unex- 


492  LIliRAIUES  IN  ESKDALE.  Pabt  VIII. 

pectedly  left  me  500/.,  with  a  share  of  his  residuary  pro- 
perty, which  I  am  told  will  make  it  amount  in  all  to  850/. 
This  is  truly  a  godsend,  and  I  am  most  grateful  for  it. 
It  gives  me  the  comfortable  knowledge  that,  if  it  should 
please  (xod  soon  to  teike  me  from  this  world,  my  family 
would  have  resources  fiilly  sufficient  for  their  support 
till  such  time  as  their  affairs  could  be  put  in  order,  and 
the  proceeds  of  my  books,  remains,  &c.,  be  rendered 
available.  I  have  never  been  anxious  overmuch,  nor 
ever  taken  more  thought  for  the  morrow  than  it  is  the 
duty  of  every  one  to  take  who  has  to  earn  his  livelihood  ; 
but  to  be  thus  provided  for  at  this  time  I  feel  to  be  an 
especial  blessing."  ^ 

Among  the  most  valuable  results  of  Telford's  bequests 
in  his  own  district,  was  the  establishment  of  the  libraries 
at  Langholm  and  Westerkirk  on  a  firmer  foimdation. 
That  at  Westerkirk  liad  been  originally  instituted  in  the 
year  1792,  by  the  miners  employed  to  work  an  anti- 
mony mine  (since  abandoned)  on  the  farm  of  Glen- 
dinning,  within  sight  of  the  place  where  Telford  was 
bom.  On  the  dissolution  of  the  mining  company,  in 
1800,  the  little  collection  of  books  was  removed  to  Kirk- 
ton  Hill ;  but  on  receii)t  of  Telford's  bequest,  a  special 
building  was  erected  for  theii*  reception  at  NewBurtpatli, 
near  the  village  of  Westerkirk.  The  annual  income 
derived  from  the  Telford  fund  enabled  additions  of  new 
volumes  to  be  made  to  it  from  time  to  time  ;  and  its  uses 
as  a  public  institution  were  thus  greatly  increased.  The 
books  are  exchanged  once  a  month,  on  the  day  of  the 
full  moon  ;  on  wliich  occasion  readers  of  all  ages  and  con- 
ditions,— farmers,  shepherds,  ploughmen,  labourers,  and 
their  children, — resort  to  it  from  far  and  near,  taking 
away  with  them  as  many  vohunes  as  tliey  desire  for  the 
month's  reading. 

*  *  Selections  from  the  Lotti'rs  of  i  article  wliich  Southcy  wrote  for  the 
IiulxTt  8()uthey/  vol.  iv.,  p.  301.  'Quarterly'  wan  his  review  of  tbt' 
We  luav  here  mention  that  the  last        *  Life  of  Telfonl.' 
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Thus  there  is  scarcely  a  cottage  in  the  valley  in  which 
good  books  are  not  to  be  found  imder  perusal ;  and  we 
are  told  that  it  is  a  common  thing  for  the  Eskdale 
shepherd  to  take  a  book  in  his  plaid  to  the  hill-side — 
a  volume  of  Shakespeare,  Prescott,  or  Macaulay — and 
read  it  there,  under  the  blue  sky,  with  his  sheep  and 
the  green  hills  liefore  him.  And  thus,  as  long  as  the 
l)e(iucst  lasts,  the  good,  great  engineer  will  not  cease  to 
1)0  remembered  with  gratitude  in  his  beloved  Eskdale. 
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n<>«T,  334;  description  of  the  route,  340; 
Mui«»trtntion  of  the  works,  342. 

Ij.l.iois,  Ii«.rd«  M'rs,  2H9. 

Kmu.hmion,  Highland,  37»J. 

K.N«vri.niKi»iA  HitiTAXMCA,  Uoblson's  arti* 
•  |.>  in,  17n. 

Ln«.i\i  i.KiNii  \\..rks  of  HolUnd,  Smeatdn'* 
iii««|"i  tioii  of,  14. 

Kn«.inkf.»'>,  fir>t  <  Iiib  of,  79. 

Kn..i\kkii.s,  Institute  of  Civil,  474,480,491. 

KsK.  river,  I  hiiMfrie>shire,  2M7. 

l-.sKi'M.i, — 4l»-^  ripti-'ii  of,  2H7  ;  early  inha- 
bitaiit.H,  'JHM  ;  intilern,  290  ;  farmers'  hounei 
in,  2'.»9;  Telfonl's  ymwin  <.n,  304,  329^ 
T«lf<.i«l  nvisit.H,  .151  ;  Libriuiw  in,  492. 

Kyi;m<u  in  Hauimhh,  71. 


F. 


K\NNi.i>  iiitH-ltuYil  into  St>tUnd,  105. 
Kf.i^>Ns   at  Shrewsbury  m;inagi\l  by  Telford 

I  I  N  -.vt'.iy,  .  banMteristi«"s  <»f,  1»»9. 

Ki  \s.— Sim-;it«'i»"s  drain.ige  of,  51;  lifennicV 

I'.J;   'lelfurd^,  4»;m. 
I  I  i:i:l»s,  Hi^'hlnnd,  37H,  3H5. 
I  IM  I  i:'-«  lii  UN  lilciHiK,  431. 
h  IN  vN<  I  M.  i>Mte>  of  eiigin(.>ering  underiakiogi, 

117. 
I  iM>ii<»i:N  Uivi.H,  i to  sudden  Horn U,  386. 
I  iMii  iiii-s  XM  111  V,  Briti*h,  204,  377,  392. 
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TIARtfeiaOK. 

iiiilU  ill  HnvtUnd,  l^)X 
FiXllAnr.1^,  fi*rry  lit,  3^5* 
Kf II  J£ ijrn^N k:  tl A H n  ni^  39  U 

f<mnTki*.t  SntmUmw  dtvlmwut  &S  ^    WmIv 

Briilgts  n7- 
KwTSiiATiujiN  iif  BrWgf  •,~-Stn«il*ia\*  5'n  1*7, 

m;  RifttiM'X  l«l,  188* 
FiUJ^i^mirRitii  lUMkiiKt,  3v>7. 
VBS9teiT  tU;VOi<UTto?f|  Tellbrtl  ]iiliii«nrj|«l  hv^ 

m. 


OAt  tan  mamBt  Blmm^ham  Om^,  i'H. 
iUoi.  Hi  Shnwtlmry,  T«llcifJ  rtlnuldU,  3141, 

CJtJtVAH**  B^t|Ml».i  L4j7, 

tiuiii,  lir,  jr*,  iigiQier,  401, 

i ; iLMCKaoi  "tfvmm,  U%  3;*  1 , 

<ri.AMa»^Mi«iffj  uiouinmiifmtioa  witJi  E^lio- 
biirgb  by  r«ifiili,  100;  oW  brhlj^  at,  10  1* 
E9itiii>%  prLifuwil  flocits  utt  •»>^ ;  Tvifiif^  • 
Hridg»*  •*,  4(ltt. 

fJLAWHiW  kMli  ARIlpOniAlI  C4»4J>,  418, 

tjT.A»4jjw  mvl  C^lfciil*  fimd,  42?, 

ifiiM'x:rF:»fri^&,f]in»i|  420;  hri^^  M4. 
GifriiA  Cakal,  SvfllfO,  41fl. 
TiRAiciife^,  Lhi^  fwmkr,  281^. 

HltAltt*  CaJIAL  or  l&liLA?H%  150, 

flTUNti  TiuJjfi  GaVALi  li%  4^0^ 

( ;  ft»  IT  if  kn  «r  SbQlkftt^  375,  40». 

ilK^LAT  IjpM  d  Ibt  FmB,— Eotit^t  intmfB 

4«V7. 

wd  dodg^  314^ 


fTAhhlifoh+s,  fi3,  IfWX 

Hui^  t'i|>tMii    B.%A]I^  fill  tW  dangfffi'  d  thm 

U  -a.    ti«v  fi^t    Hfixuiipilf-,   *J5; 

'.'^^4.  ;ivii;  H^iltfttit  ^^B;  U't«tli  .^1 
Kiiie«l0Wii,  L!13;  l.^litfiMtiia,  :jt«li  Fi4k#> 
«tf  irnf ,  '  ■ ' ' !  ■    I  *.- 1  *  r  K..^  I    >  i^t  1  -^   frvwlKf  reli* 

J(i7. 

II  t»  1^  '   *  •  J  L  ♦    Tl>.%!^M«  4J'U. 

2  K 


498 


Index  to  vol.  ii. 


HlUHLANnS. 


L06TW1TUIEU 


Highlands  and  Lowlands,  feuds  l)etween,  98. 
IIioilLAxn   n>:ids   and  bridges,  1)75;   uioi-al 

results  of  TeUord's  Highknd  contracts,  389  ; 

Highland  harlniurs,  391. 
HuBiiOLK  Drain,  Limtdnshire,  102. 
HuK  at  Plymouth,  Sm<'aton  on  tho,  4*2. 
Hollow  walls,  Kennies  invention  of,  for  tjca 

Works,  207. 
HOLMKS,  Mr.,  Snieaton's  jx'irtuer,  7. 
Holyiii:ai>, — harl.i»ur,  21)8  ;  roatls  to,  434. 
HoitsK-LOAD,  Sme-atiin's  account  of  the,  5. 
Houston  Mill,  East  Lothian,  107. 
HowARi>,    John,    philanthropist,    visit    to' 

►Shrewsbury,  317. 
HowTH  ILvKiMirK,  213. 
Hi'DDAiir,  CaptJiin,  Memoir  of,  265. 

HlTLL  IXXKS,  213. 

Hl'tchkson  liiuiKJK,  (jlasgow,  208. 
Hythk  MiLiTAHV  Canal,  230. 


I. 


Implements  of  husbandry,  early  Sc-otch,  104, 

375. 
Indolence  of  Seotch  in  eighteenth  century, 

05. 
India  Docks,— West,  107;  Fast,  202. 
Inland  Navkiation.     (See  Camth.) 
lN'VKitNi:<<s,  rojul  communit-aticms,  370,  388. 
Ireland, — transit    to,    by   Holyhead,   208, 

434;  (iin^vLs  in,  150,  370. 
Iron   BiMiKiEs, — Rennie's,   175,    17(3,   187; 

TeUbnl's,  340,  350,  301,  387,  445,  452. 
Iron  MANUFArri'iiE,  337,  355. 
Iron-work, — Smeaton  and  Munlwk's  use  of 

inm  in  mill  work,  138;  Kcnnic's,  139;  in 

roofinj:^,  20.3  ;  Telford's,  in  canal  aqueducts 

and  locks,  340,  359,  301. 
Iron  vf-ssel,  the  first  constructeil,  337. 
IsLEWOurii  Briimie,  177. 
Ives,  St.,  Harbour,  03. 


J. 


.Jackson    familv,— Janet,   TelfiuiVs    m(>thor, 

204,   315,   325,   350;    Thomas,  Telford's 

cousin,  208,  307. 
JamivS  V.  and  Johnnie  Armstrong,  289. 
Jessor,  Joslvs,  engineer,  30,  34. 
JicssoR,  WiLLLVM,  engineer, — notii-a-*  of,  30, 

05,  178,  342,  347  ;   brief  memoir  of,  197. 
Johnstone  family,  of  Wasterluill,  280,  307, 

312,  :J20. 
Jordan,  Mi-s.,  Telford's  notice  of,  324. 


Kaimi><,  Lord,  05,  104,  115. 
Katfierine's  Docks,  St.,  402. 


Ktxso  Bridge,  172. 

Ken  BRiD(iE,  New  Galloway,  177. 

Kennet  and  Avon  Canal,  144. 

Kincardine  Moss,  drained  by  Meikle's  ma- 
chinery, 1 1 5. 

Kincardine  O'Neill,  ancient  bridge  at,  103. 

King's  Lynn.  107. 

Kingstown  HARiJOini,  213. 

KiNLOCH,  Mr.,  his  improvements  of  the 
thi-ashing  maciiine,  110, 

KiNNEiL  House,  Boroughsto'ncss,  01. 

Kirkcudbright,  in  eighteenth  century,  97. 


L. 


Lang,  Oliver,  first  steam  boat  for  royal  na\-y 
constructed  by,  207. 

Lancaster  Canal,  148. 

Langholm,  Eskdale,  287,  299,  301,  328, 
351,  491. 

Lathe,  Smeaton *s  Turning,  77. 

Lea,  river,  Kennie's  plans  for  defence  of 
Loudon,  235. 

Leeds,— in  1724,  4;  grammar  school,  7; 
Wellington  Bridge,  177. 

Legging  Hareeastle  Tunnel,  421. 

Leitii  Harbour  and  docks,  215. 

Level,  Betlford, — Reunie's  reports  on,  106 ; 
Telford's  drainage  of  North,  467. 

Lewis,  invention  of  the,  22. 

LiGirniousES, — Winstanley's  on  the  Edily- 
stone,  10;  Rudyerd'«,  21;  SmontonX  20; 
on  Spurn  Point,  72 ;  on  the  ScoUJi  coasts, 
224;  on  tlie  BeU  Rock,  225. 

Lighting  of  tlie  English  Channel,  46. 

Lightning,  Smeaton's  protoftion  of  the  Eddy- 
stone  Lighthouse  against,  37. 

LiMPLEY  Stoke  Aqueduct,  145. 

LiNcx)LN  Fens  drained  by  Keimie,  152. 

Linton,  Kast,  93,  119. 

Little  Family,  l->kdale,  297,  328,  490. 

Littledorough  Tunnel,  146. 

Liverpool,— Rcnnie's  docks  at,  204,  215; 
Telford's  noti(«  of,  369 ;  Mersey  job  at,  477. 

LlaN(K)LLEN,  canal  works  in  vale  of,  342. 

Loch,  Mr.,  Inspector  of  Fisheries,  his  Dotke  of 
Rennie  as  a  i<:holar,  123. 

Lochs,  Caledonian  Canal,  411. 

Locks, — Roch<lale  Canal,  146 ;  London  Docks, 
200;  I*:ilesmerc  Canal,  361;  CatedoDian 
Canal,  414. 

LoNix)N, — 01<1  Bridge,  Smeaton's  improve- 
ments on,  53 ;  London  in  1785, 134  ;  docks, 
136 ;  commerce  of  the  port  of,  195 ;  East 
and  West  India  Docks,  197;  Waterkio 
Bridge,  178;  Southwark  Bridge,  187; 
New  London  Bridge,  268;  TeUbrd*s  pro- 
pxicd  one-arched  bridge  at,  361. 

Lostw'ithiel  Church  spire  strode  by  light- 
ning, Smeaton's  paper  on,  37. 
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LormANS,  fiumiog  id,  94,  107. 

LouM  XIV.— anecdote  of,  and  the  Eddystone 

Lighthouse,  23. 
LovET,  Captain,  lessee  of  Eddystone  Lighthotuso, 

21,  2(i. 
Lucitxow  Bridgr,  177. 
LuiiWY,  North  Wales,  roatl  near,  439. 
LL'XK  AcjfKIHXT,  148. 
LyuN8,  tin>t  iron  bridge  projected  nt,  355. 


M. 

Macadam,  Mr.,  Itoadniaker,  430. 
MA<;<'i.t-sFiKi.is  Vmt)  of,  *J»>. 
Maoi.hsfiki.I)  Canal,  420. 
Maciiim.iiv,— of  Album  Mills,  137;  of  royal 

«l<vky:inls  2:\H. 

MAL<t)LM  Family,  F:skdale,  287,  296,  482, 
41H). 

Mai-s, — Snusiton's  native  district,  4  ;  coast  of 
IVv(»n  and  Com  wall,  15;  Ronnie's  native 
district,  93  ;  Linct)lnshire  Fen  district,  155  ; 
Fail  Brink  Cut,  108;  Ixjndon  and  St. 
Katl»orino  l>o«  ks,  199  ;  FJist  and  VVest  India 
iJoiks,  Ju.i;  Holyhmd  Harlwur,  210;  pro- 
pirMil  K»»yal  iKxks  at  Northfleet,  244; 
Slurrness  Unks,  247  ;  proj>cwe«l  Medway 
iniprovenwnt,  250  ;  Plymouth  Sound,  253  ; 
Trll'ord's  mitivo  district,  288  ;  Kllcsmere 
Canal,  340  ;  T.lf«»nrs  Highbnd  roails,  382  ; 
Ptt.'i ht-a.!  ilarU)ur,  31*5  ;  Banff  H.lrbour, 
:)0x ;  AUTd»«.n  llarU.ur,  404 ;  Dundee 
HarU'ur,  4oG ;  CaKtIonian  Canal,  412; 
M.  iiai  Strait-*,  414. 

Maimnfic's  ('onii»a.vi,  Snwaton's  im]irovement» 
..f,  1-'. 

M  \KVKil;K,  am-iH»t  hri«l^o  at,  103. 

Mm  i»  h»siKK  I>iiAiN,  IVwton,  1»>1. 

Ml  <  HANK  \i,  work  in  Si»tl;uul,  t-arly  state  of, 
1«»4.  US. 

Ml  <n ASK  Ai.  r.prcAiiox,  ailvaiitigos  of,  122, 
2>1.  .(.;<»,  4H3, 

Ml  ii\N  \v  iin)>i*>\«n).iit,  lu'nnie's  plan  of,  250. 

Mi.«r..Ar,  xuil.y  of  th.-,  F>k.bUe,  292,  300. 

Mmki  r,  .Iami-s,  millwrijjht,  105. 

Ml  iKi  I  .  Animo.w,— inill»*r  nt  Iloui^ton  Mill, 
l«»»i;  -kill  a>  a  millwright,  109;  taken  out 
|s»f.  !it  r.-r  •lr••^^iuR  jjrain,  109;  invt*nts  the 
thia-^liiiii;  ni.-u  hint'.  111;  ininrovemontA  in 
til.  s.uU  <.t  HindmilU,  114;  his  mathinery 
I  iii|i<  y.-.!  to  drain  Kincardine  Mom,  115; 
lll•^   <>i<l    m«i  luuiical  cnntrivaiR«s,  110;  his 

.I.:iti.,    117. 

Ml  iMiri.  I...r,l.  j-.T,  2»i7. 

Ml  NAi  SiiiAii^, — IU>Qni***H  design  of  a  owt- 
II oil  l.tidc'  a«  rox,  17.'»;  Tflfimrs  desigQ, 
4  }.'• :  .t>ii>tiM<  tioQ  of  tl)e  .Su»|«nsioii  Bridgr, 

4|H. 

Ml.  KM  .  translator  of"  I.U!»i»l."  304. 
Mil  1 1  Ai'.v  <'ANAi .  Hytlv-,  230. 


fATimCATV 


Mtt.L0,  >«]1Klttl    hf    SOMilAII,    T^;     Knmlnn 
Mili»luT|  tcivtrfoirr1ie»  125;  Umimu^^tcmk 

ii'^u.vinai  by  Ik'niuv**  134*;  Iviiliisrhitlw*  23ij 

(Mudt  1  lulih,  \Vi»lthauu  2n. 
Mint  iiA«fiiN'KnY,  lUauUft's  13t». 
M*:**st;y,— *t»ftity  **t\  |in"v«tt-*  iiupi-iii'^iiMiNi 

5o,  S9,  90,   III;  t'immiisn**  wttrmfcr*  oi\ 

m  I  lti*itw\  2»  J  f  Ti-lfijnJ*!,  4a7. 

174. 


N, 


N  AmLKu9c*«  opinton  uT  PlfamkHh  BrMk«ate« 

X  A\  Y,  HdjaI,— ^Iffdiprds,  *iZ^ ;  ttmm  pum» 

iiitfudiitMl  iQ,  20T* 
N  p;3rK  lUvKii, — 8iiiiiiitoQ*f  tv^ri  un  iuiprgw^ 

X  Krf  innc'«  wtAimuM^  dliiloiilin  Cknal^  4 1  $, 
Nt;t  ll«Lr,  IVfroQovt'i  btljlpi  of,  tT^< 
Xrw  Uaujoway  BuiuaK,  177* 

Xt^TDj*  ^STi^wAifT  Bmuai;.  177. 
NiciuiuiPMt  I'irrMit  pij{41  cif  Aiidrew  M«kH 

!17. 
\]  riT,  fivff,  Ikimfrict,  i^nMifetQii**  rtfutt,  &0* 
Noc^iz,  b^lii  lit  Umv  4M. 
NMiuiin4:r:ir  Uxmmt  IComi^^*  plKA  «C  3Mw 
\  1 1  [|  I  ]  I  l4:  Y  t:L,^8iiiMluu'*  rtfurt  m  diwlay 

diTum^t  ait  ■<^*7, 


o. 


Idilgi  it,  too* 
«f  «tttidl« 


1.  ' :  h^u  iiHnk,  107 1  N«ia«  4tf». 
nv* !  \,  t:rmcii!T,uiiii«ib»«if  ytetlhapurivwb. 


Ills  inA  1*1^  aa?. 

rJ|L«LCTCUJUI.,4llt. 

l*AiJll  »  i  mtfl^nA»>  135. 
r  krL%]LLL«  ar  ILt  mi  WiiA  mia,  437. 
I* Mil; f .  Ias% «i; 9?, 3M, SOe. 
I'atiiii^au  BJCTWi  4S91 
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Pkdex,  "  prophet,"  in  Rskdale,  200. 

Pkruy's  IXk'K,  BLukwall,  1;>(). 

Pkutii, — new  hritlgt?,  o(> ;  ancient  bridge  at, 

103. 
Pesth  SUSrKNSTOX  BUIDGK,  470. 
l*ETERHEAl)  HaUIJOUH,  393. 

PliANTASSiE,  Konuie's  hirthpl.aco  at,  03,  101. 
PiCKEKNELL,  Mr.,  resident  enginetu',  Hexliam 

Bridge,  02. 
Plans.     (See  Ma/ts.) 
Play  FAIR,  Professor,  his  views  on  an-hes  of 

iron,  305. 
Plymouth,  15,  31,  30;  Iloe  at,  41 ;  dock- 
yard, 240;  breakwater,  92,  252. 
Polish  n»ads,  Telford's,  470. 
Pont-Cysylltai'  Aql'kdl'CT,  344. 
PoNT-Y-PuYDD,  Kennle's  notii-e  of,  178. 
Portsmouth, — Keunie's  rejx.»rt  on  dockyard, 

240;  Teltord  eniploy*"*!  at,  312. 
PosT-oFFiui:,  135,  4;i2,  4:;5. 
Prf:stonkirk-,  Knsi  Lothian,  9.'',  117,  121. 
Pri-:stonpaxs,  tield  ot\  108. 
Pritchard,  Mr.,  arcliit«vt  of  first  iron  britige, 

358. 
Provls,    Mr.,    resident    engineer    of    Menai 

Bridge,  234,  450. 
Pi'LTENEY,  Sir  William,  312,   310,  323, 

328,  335,  377. 
PU31PING  machinery,  Snieaton's,  50,  72. 


Q. 

Quarantine  establisliment  in  the  Mwlway, 

238. 
(^UEENSRERRY,  Duchess  of,  and  Smeaton,  83. 


R. 


Railroads, — used  by  Kennie  to  carry  on  his 
works,  1 50,  203 ;  CVoydon  and  Mersthjim, 
198;  Telfonl  and  raihoads,  425,  478. 

Kali'H  the  Kovkr,  Southey's  Iwiliad,  223. 

Kamsoate  Harfjour,— eonstructetl  })y  Smea- 
ton, 05;  reixiire<l  by  Rennie,  218. 

Renme,  family  of,  93,  112,  118. 

Rennie,  John,— birth  and  ivirentage,  93; 
etliu^tion,  119;  a])prenti(i\*!hlp,  122;  Ijegins 
business  as  millwright,  125;  student  at 
P^Unburgh  University,  120;  tour  in  Eng- 
land, 128;  his  first  bridge,  131;  erects 
machinery  of  Albion  MilU,  130;  mecrhanical 
engineer  in  London,  141 ;  constrn<;t,s  Kennet 
and  A\<)n  Canal,  144;  Rociwlale  Canal, 
145;  Lancaster  }m<i  other  canals,  148; 
drainage  of  Lincoln  Fens,  152  ;  Kelso  Bridge, 
172;  MusM'lburgh  Bridge,  174;  Ik>ston 
Bridge,  170;  bridges  at  Newton  Stewart, 
&<•.,  177;  Waterloo  Bridge,  178;  South- 
wark   Bridge.    187;    Undon    fliNks,    197; 


East  India  Docks,  202 ;  rqwrt  on  improve- 
ment of  Clyde,  200  ;  hollow  walls,  Grimsby 
Docks,  207;  Holyhead  Harlwur,  208*; 
Howth  and  Kingstown  Harbours,  213 ; 
Hull  Docks,  and  hnprovement  of  dredgiLg 
madiine,  213;  (ireenock  Quays  oud  Dbcks, 
214;  report  on  Southampton,  215;  Leith 
L>ocks,  215;  Charleston  Harbour,  and  prin- 
ciples of  harlwiu*  construction,  210  ;  Hiams- 
gate  Harlwur,  and  improvement  of  divine- 
bell,  219;  Bell  Itock  Lighthouse,  223;  re- 
])orts  on  coast  defences,  and  works,  235; 
re|)ort  on  Royal  dockyards,  238 ;  grand  i>liin 
of  Northfleet  Dooks,  243 ;  Sbcemess  lX>.k- 
yard  works,  240 ;  Plymouth  Breakwat<^r, 
253 ;  design  of  New  London  Bridge,  208 ; 
foreign  tour,  274;  death  and  chanw-ter, 
277. 

Rennie,  Sir  John,  —  drainage  works  by, 
105;  tinishcs  Plymouth  Breikwater,  202 ; 
constructs  New  I/)ndon  Bridge,  272. 

REV1-2JBV,  Sir  J.  Banks's  mansion  at,  155. 

Reynolds,  Mr.,  Coalbrookdalc,  350. 

Roads, — in  England,  49;  in  Scotland,  99, 
101 ;  general  (t>nstruction  of  turnpike  roeuls, 
135 ;  Mr.  Rcnnie*s  system  of  (instructing, 
185;  Highland,  375,  378;  Glasgow  ami 
C^irlisle,  427 ;  Telford's  system  of  construrt- 
ing,  429 ;  Macadam's,  430 ;  London  ami 
Edinburgh,  432  ;  Welsh,  434  ;  Shrewsbuiy 
and  Holyhead,  430;  London  and  Shrews- 
bury, 441  ;  Telford's  Polish  roads,  470. 

RonisoN,  Professor,  Edinburgh,  120, 137, 170. 

R0CHDAI.E  Canal,  145. 

Roebuck, *I)r.,  Xiirron  Works,  60. 

Romilly,  Sir  Samuel,  on  Scotch  progress,  374. 

Royal  DocKVAnne.     (See  Dockyards,) 

liOYAL  Canal  of  Ireland,  150. 

Royal  Navy,  introduction  of  steam  power 
in,  267.     • 

Royal  SoaETY,  Snoeaton  and,  11,  20,  37, 
75. 

RUDYERD,  JoilN„— his  lighthonw  on  tlie 
Eddystone,  21. 

Runcorn,  Telford's  propomd  suspcnsidn 
bridge  at,  446. 


S. 


St.  Katherink*8  Docks,  462. 

Saix)pian  Coffee-house,  473. 

Sciic^^w,— Scotch  parochial,  121 ;  bnrgh  or 

grammar,  122. 
Scotland, — state  of,  in  eighteenth  centuiy, 

94;  ancient  bri<lges  in,  102;  parish  M'hor»U 

of,  121;  grammar  schools,  122;  progress 

of,  374. 
Scottish  Bokderers,  288. 
ScoTTS,  the  IWler,  289. 
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8ELF. 

Self-education  of  early  engiDeers— Sm-ii- 
too\  8.  13;  Rennie\  12»i,  141 ;  Telford, 
.SU,  486. 

Selkhuc  oominon  carrier,  100. 

SiiEERNESS  Dockyard,  242 ;  its  re-oonstrucv 
tioQ  by  Rennie,  246. 

SUEET-PILINO,  description  of,  60. 

Shippino  of  the  ITuunesi,  136,  195. 

SlliiEWSBLTUY, — castle,  316,329;  Shrewsbtuy 
aod  Holyhead  road,  436  ;  and  Loodoo,  44 1 . 

Skirvino,  Archibald,  portrait  painter,  m*^ 
moir  of,  278. 

Slavk-tr.\DK  of  Abenleen,  eighteenth  orn- 
tury,  401. 

Sn'icKs,  in  drainage  of  Lincoln  Fens,  159. 

Smkaton,  John,— birth  and  education,  a ; 
pUuvl  in  a  solicitor's  o(fi(«,  10;  learns  tlw 
trado  of  mathematical  instrument  maL*  r, 
1 1  ;  m.ikes  improvements  in  mechanics,  1:  i  ; 
receives  the  Royal  Society's  Uold  Medal,  tk  ; 
tour  in  Holland,  13;  employed  to  rebniM 
the  l->ildystone  Lighthouse,  26  ;  his  desii^ti , 
29;  visits  Uie  rotk,  31 ;  his  model,  33;  N>r 
works  l>egiin,  34;  is  nearly  shipwieck'^l, 
35;  his  oournge,  39;  completion  of  tfn.' 
building,  43;  extensively  employed  ai-  n 
civil  engineer,  40;  in  Ken  drainage,  M  ; 
repairs  IahmIoo  Brnlgp,  53 ;  his  pumpji^ 
engines,  56 ;  builds  a  bri<lge  at  Perth,  '^'i ; 
cxMistrut-ts  Forth  and  Clyde  Canal,  57 ; 
hridgi*  at  ('4»Mstrmm,  59;  improvements  *t 
Carnm  works,  61;  bri^lge  at  IlanfT,  itK\ 
H«ah:im  Bridge,  its  fjuluiv,  62;  St,  lv«i 
HarUmr,  ♦'•3;  Ramsgiitp  llarliour,  65;  Ey»* 
mouth  lI:ir)»our,  71;  his  maifihiery,  7i; 
im]»rovi'.s  the  st«':mwngin»',  73 ;  {>rivate  Ufis, 
hiiMt.s,  and  rkmuti-r,  74. 

SMoi.i.Kri's  jounu'V  to  Lon<lon,  100. 

S>MKitsKT  HorsK,  — it,"*  river  fnmt,  17t* 
'lVltV»nl  work>  ns  a  niiuton  at;  3(»9. 

SnTHAMrroN  Hahhimu,  Kpnni«»*s  rpport  *iii, 
2 1 5. 

Smiimv  and  'IVltord,  427,  484,  491. 

Sm  inwAUK  Iron  ButiM^r.,  187. 

Si'i.v,  1  ivor,— anrient  hri*!^?  over,  103;  tlorvl^^ 
''^•'>  ;  CmiK'-lIa'liie  hrifljje  over,  387. 

SiA\<,Aii;  C'kk.kk,  quarantine  e»tabliAhmttnl 
at,  -J.'.S. 

S I  AMI" >rj:,  Flarl.  his  meihanical  ingenuity,  141I, 
Si  v:  \  M  - 1:  N< ;  i  N  k, — Smeatons  improveroeDts    ' 

7  1;    Watt's  engin*'  applied  Ut  driving  i 

<  hiriiry,  129,  1;;7  ;  u«?rl  in  navigation,  14 

mtn-iiioil  in  KoyjU  navy,  267. 
Si  JIN,  Mr.,  KilU"ggi«',  oidor*  tho  first  thniAh- 

II.;:  rn.n  iiiHf,  I IJ. 
Si  I.I  iiKNs<»N,  lti)iiKRT,  his  estimate  of  SdimnI' 

t..ti.   Hi\. 

Sii.\  I  snoisK  Mill.  BuiiMiK,  131. 
SiKVKNs«»N,  Mr.,   t>«iilent  engineer   of   IVU 

l:r.  k  Liu'htJwMis.',  >25,  229,  232. 
SiiKiiMj,  aii«i«nt  hri<liji*  st,  10.1. 

vol..  II. 


BirKtiKKLAini,  inm  tnlt^p  over  t]»  Wfsr  ti, 

3riN. 

Si-xn-ieirM^n  cK^mcHtJia,  TtM gird's  phm  ^, 
44Jk 

^im'ntiRLAKt),  mttnty  oC  vk  iHghlmilli  «hi* 

iury,  379. 
iMffnnKit,  Kini  i*r,  tm^n  kti%hthut4  ue  Td- 

furd,  419. 
H^ltgilSStrT,  Cl^nntp  his  ci)ti>rri«w  with  T**lfttri, 

476. 


birtl)|iliirr  in  t^lyhk,  293 1  J^a  Uifhaoi^ 
2^^\  fUwol  •lutjilki^  £96  ;  njn  —  *■  *  tn 
a    sluoe-lliWBfip  fim;    Jiiuru*)  ; 

writM  pottm  30i|  miMiti  »t  J^^ 

^^0^tT^ikmU>UmiAMfW7  I  nuMm  at  j^boipr* 
att  UouM,  BOA  I  iitnaMii  of  niBHioty  «t 
lVitl«BoaiKai1l|  kto  iltHlM,  314^  imaJk 


Sli 


tnetv  Ckoalp  3?i4  \  iOQBtmctiA  of  ll»  Vtn^a, 
340 ;  re*vijiiA  K*kkkk,  3^|  toiii  In  Wftl«, 
Sd^|lltipgetrf»S59|  baU^  ia  Ifim  faridc^ 
al  Buiy Wiiv  S30  f  ffiOpOMi  a  OD^^uyb  inm 

Ittrlmirm,  ^m\  CahSmJUm  Uttal,  40«| 
Gotha  QinaL,  4 1 1»  t  Euvwtk  Tw^  410 ; 


W^m,4&i% 


44Mt 


S^fattl,  fieudattl,  Mil 
Ifilfi  OW  M«Ml  Sl3! 
I  «4lt  H.  Kalbirtnt'i 


l«ft«  Oil 


in  J^nte,  473;  IVwItoi  of  I» 
Chrll  BwlMm*  474;    ibdlB»  «ir  taH^ 
4T1»  I  iSo^p  4ltO ;  cfaKKtv.  481. 
Teirviiun  Wiixiah,  SaffBi%  SM,  SSO. 

pfiaf  MigllnH  at,  7i  *  0itM  i<  bttof  Ity 

■"^-^■- ■■  *^-    -  .T%4«4. 

-    ,,  ri4»l)«iWlii|,17U. 

Tnoitwji,  AvnftiLW  iTmri'ioMiiir),  nmm^ 

TrnuMHiiia  macbo^  Jl^kk  a  iimni»  f< 

lOd. 
T<ii3ii£iiipsai«  isml  vorki  hmt^  146. 
TasitjiiTSLAxn  lliyiwife»  S40* 
Ti>K]iAr  liAaamc%Wt* 
TiU^K,^^  tHi4aii,  M4t»  IfiA ;  llla^rMr^SiCi, 

4«7. 

2   L 


502 


INDEX  TO  VOL.  II. 


TRAVELLING. 


Travelling, — in  ScotLind,  100;  iu  England, 

135,  427  ;  in  WaleS,  434. 
Tl'RNPIKE  ROADS,  101,  135,  427. 
TvNE,  KiVEK,  Ea/4t  Ix)thian,  93,  120. 


Cnion  of  Scotland  with  England,  95. 
Uricx>nii'M,  Itoman  city  of,  322. 


V. 

Virginia  Water,  Kennie's  bridge  over,  177. 


W. 


Wages  of  workmen,  57,  90,  327. 

VValf><,  roiuls  iu,  434. 

Wainfleet  drainage,  Lincolnshire,  154,  103, 

16G. 
Waldersea  drainage,  Linciolnshire,  1 54. 
WAiJi^,  hollow, — employed  by  K<'nnie  in  sea 

works,  208 ;  by  Telford  in  bridge  piers,  344, 

347,  309,451. 
Waltilvm  Powder  Mili^,  237. 
Wash,  di-ainagn  of  lands  arljoiniiig  the,  105, 

408. 
Water  and  WiND,Smeaton's  pajwrou  |>ower 

of,  to  turn  mills,  12. 
Water  snjiply  of  towns, — Kennie'.s  reports, 

204  ;   Telford's,  309,  476. 
Waterloo  Bridge,  178. 
Watt,    James, — survey  of   canal    between 

Forth    and    Clyde,    59  ;    intimacy    with 

Smeaton,  79;    Rennie's   visit  to,  at  Soho, 

121* ;  report  on  imi)roveraent  of  Clyde,  200  ; 

TeUonl's  noti«w  <»f,  87 1,  410. 
Wi:ai{  Iron  liiuiH;K,  Sunderland,  358. 
Weaver  Navigation,  418. 
Wkllin(.T(>n  liiiiiHiE,  L«f<ls  177. 


W£!bt  Fen, — Smeaton  employed  to  drain,  51  ; 
its  dramage  by  Kennie,  152. 

West  Indla  Docks,  197. 

Westerkirk,  Eskdale,  291;  Pchool.  296; 
manfcc,  303 ;   library,  492. 

Weston,  Mr.,  los&jeo  of  Eddvstone  Lighthouso, 
26.  • 

Wharves,  dock,  197,  463. 

Whtdbev,  Mr.,  254,  257,  270. 

WlHTKiRK,  I>ceds,  Smeaton *8  (jarish  chiirch,  4, 
9 ;  bis  buriil  place  at,  90. 

WrcK  Harbour, — Kennie*8  report  on,  204 ; 
Telford's  improvements  of,  390. 

WiGTON,  Earl  of,  his  fear  of  the  eflects  of  tlM» 
Union,  95. 

Wildmore  Fen,— Smeaton  employed  to  drain, 
51 ;  drainage  by  Reunie,  152. 

WiLKiNi!ON,  John,  ironmaster,  337,  356. 

WiLLiAiLsoN,  Peter,  the  Abenlwn  slave,  401 . 

Winnow iN(i  Machine  introdutxjd  into  Scot- 
land, 105. 

WiNSTANLEY,  Henry,— hi.««  eccentricitk'S,  16 ; 
his  waterworks,  17;  his  lij^hthoave  on  the 
l•:ddy^tone,  18  ;  his  death,  19. 

WisBEAcn,  drainage  worts  near,  408. 

WiTHAM,  KiVER,—  Smeaton  employed  to  im- 
prove, 51  ;  Hennie*s  drainage  of  binds  ad- 
joining the,  1 53. 

Woolwich  Dockyard, — Jennie's  improve- 
ment* of,  241 ;  rejwrt  on,  ih. ;  anchor  forge 
at,  205. 

Workmen,  Telford's  views  as  to,  310. 

Wi:oxkter,  discover V  of  Komnn  city  near, 
322. 


Y. 


YnY8-y-Mocii,  bridge  at,  Menni  Straits  449. 
VoRK   Buildings    Waterworks,   Rennie'-* 

report  on,  264. 
Young,  AiiTmrn, — his  description  of  dic»wnel 

lands  in  the  Fens,  154,  15«». 
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I>»ri!iANs,  farininp  in,  04,  107. 

I^nis   XIV. — aiicnloto  of,  ami  the  EJdystone 

Liijlithimsi',  -.'». 
L«  »v »,  r,  ( ';»|»taiu,  les»eeof  K<l<lv>tone  Lighthoiw, 

•Jl,_''i. 
I.i  «  KN<»\v  IimiM;i  ,  177. 
Li'.uv,  North  Wall's,  nwl  ncjir,  4'MK 
\a  ni:  AtiiJincr,  14H. 
I.V(».N.>,  lir>t  irou  brulge  i)n»jiHtol  at,  .'i')0. 


M. 

Mv<Ai»AM,  Mr.,  K«i:iiluink«r,  430. 

M\<vij>»  ii.i.n,  Karl  of,  JO. 

M\«(  i.i.siiKi.w  Canai.,  420. 

Ma*  iiisr.uv,— ot*  Alhion  Mills  137;  of  royal 
.l.-kv-mis,  ■i:;.^. 

Mvitii'i-M  Family,  Rsk.lalo,  L'87,  29t>,  4«'J, 
4'.".. 

M  vi-',— Sin«-ati>n's  native  (li^trirt,  4  ;  coast  of 
i>»\oii  au'l  Cornwall,  l.'»;  Ii«nnif's  native 
<li-tii.  t,  O.t;  LinMiln-ihir**  IV-n  «li.strict,  155  ; 
Kail  Brink  Cut,  I»iH;  bm<li»n  and  St. 
Kathviiii.'  l»««  ks  !'.»'.♦  ;  F-ist  an<l  W^-st  IiMlia 
iH.ks.  jn.{;  Holyh.-:wl  HarU.ur,  21n;  ^,ny. 
I..-.-i  |;,.yal  Ivnks  at  NorthtWt,  244; 
>h.-«riir-^^  I>«Nk<,  247;  j>ro|»<»M'.|  Mtilway 
iiii|n.«\«-iij«'nt,  25o  :  IMynjoiith  Suinul,  253  ; 
T.lt.-t.r^  iVAtnv  <li>tri'«t,  2HH  ;  Kili'smere 
C.i!inl.:UM:  '!Vltonl'>  Hiu'liland  rosuLs  3H2  ; 
P.f.ihrji.1  HarUuir,  :i'.»5 ;  lianfV  Il.lrUmr, 
;;i»H;  AUnl.in  liarl«>ur,  404 ;  IhimU* 
Harl-Mir,  4»>t;  ;  CaUilonian  Canal,  412; 
M.  tiai  Straits,  411. 

.Mai:im  i:"s  ( 'oin|>av«,  Snicaton's  injprovements 
ut.  IJ. 

.Mai:\  KiKK,  annrnt  hri^lp'  at,  103. 

M\i  i»  K«»>M  K  i>i:AiN',  iVMon,  I'il. 

M;  <  MVM'M.  work  in  ST»tlan«l,  ««rly  state  of, 
l-a.  l_'s. 

Ml  '  MANHM.  i.iMT.Miox,  a<lvaiitap"is  of,  122, 
•j-1.  i";i<i,  4h:i. 

Ml  i>\N  vv  in)|>io\.  in.iit,  Ili^nnir's  |iliin  of,  250. 

M \  I,  x;ill.  y  ol*  th.',  Ksk.lih-,  2l>2,  3U«}. 

Ml  iki  J.,  .Iami-**,  nuil\Nrii:ht,  1(»5. 

MiiKiJ.,  \Ni'i:i,w,— miller  at  Houston  Mill, 
1'h;;  Aill  .is  a  rnillwrii;ht,  H»'.>;  tak«-H  out 
|.at«  lit  t'-'T  «lns>ii»^  ^rrain,  l'>«»;  iuvcnts  the 
thri-liLi  nuM  hiiw.  III;  iniprovenn-nt.'*  in 
th.  -.Ill-  ..t  w  iiiiinjJlK,  114;  his  uuuhinriy 
«iiij|.v-l  t"  '[jain  Kin«nnlin«*  Mi^s.**,  115; 
ii,-   oil    II1I-*  iuini«:il   «ontri\iU»«t'>,   11»>;  hi;* 

.j.-itii.  117. 

Ml  I  \  II  II  ,  I...1.1,  -'57,  2«;7. 

.Ml  \\\  Ml:  Ml--, —  l;.iiiu«-^  «l.-iifii  of  a  m'.t- 
i:..ii  |.:..L'.  ..I..-,  17.'»;  T.-lfonl's  .l.-^iu'ri, 
;  I.'. :  .-ii-t;  '.■  t:.>a  of  til.-  Su-|x-nNiou  I>ri«l^:f, 

^Il.  Ki  I  ,  ti.i:i-!.it..r  of-  I.ii-i.wi,"  3n4. 
Mil  II  \i:v  «    \s  M  ,  Hvtiw,  2  i»i. 


I  Ml Ll-S, -erected    by   Smeaton,   73;    Hoiuiton 
j       Mill,  107;  Inverjjowrie,  125;  Bonnington, 
!       i7>. ;  Albion,    129,    134;  mills  erei-U-d  and 
'       r.-imirwl  by  Hennie,  139;  K(.tlh?rhithe,  235; 
|M)w«lt»r  mills,  Waltham,  237. 
Mint  maciiiseuy,  liennie's,  139. 
Moxr.Y, — starcity  of,  |»n?vent.s  improvements, 
5(),  59,  9»»,    172;  SmmtoD's  estimate  of, 
80  ;  Ii«-nnie*.s,  2«3  ;  Telford's,  487. 
.M(>()RiN(is  for  Ittiyal  navy,  lieiinie's,  238. 
MitiU'KTii  UmiKiE,  433. 

MUSSELUUIIGII  BlUDQE,  174. 


N. 


Nant  Ffrancox,  North  Walefl,  road  ii«r, 

440. 
Nak»i.fx)N'8  opinion  of  Plymoutli  Breakwater, 

258. 
Navy,  Itoyal, — »l«xk)rard»,  238;  stmm  power 

introdu«v<l  in,  2t>7. 
Nf:xe  Hivkr, — Smeaton's  report  on  improve- 
ment of,  52  ;  new  outfall  iimstnutM-ii,  4<>8. 
Nki'TI  xe's  hTAllu'ASK,  CabsKmian  Cinal, 412. 
Nkiillv,  lVyn»nnet*s  brnlge  of,  178. 
Nkw  (JalIjoway  Bkiduk,  177. 
Nkw  U>xim»s  BuiiMiK,  2«)8. 
Nkwton  Stewart  BRiixiE,  177. 
Nicnoi-SON,  I'ETER,  pupil  of  Andrew  Meikle, 

117. 
NiTH,  river,  Dumfries,  SnKsit(»n*H  rqwrt,  50. 
NuRE,  lijjht  iit  tlw,  48. 
NoRTHKLEET  IKk'IW,  I%ennie*s  plan  of,  243. 
North  Level, — Sm«'at«in*»  report  on  d^uIu^^ 

«>f,    52;    liennie's    report,    l«i5;    Telfunfi 

drainage  of,  4i\7. 


O. 


Orkhill  on  the  Spey,  ancient  bridge  at,  103. 
Olse,  river,  Itiamie's  improvement  of  outfiill, 

107. 
OUTFALI^, — ItennieS  drainagi*  by  improreil, 

159;  ^jlu  Brink,  1»»7;  Neue,  4«>M. 
I  Owen,  I{i>iiert,  on  »tate  of  Uie (ilangow  romls, 

42M. 
OXH>iil>,  Tell'onrn  viwt  to,  33:J. 


P. 


PvrK-ifoitsEs,  mrriage  by,  5,  99. 
Paine,  Tiiom.vs, — **  Kight*  of  Man,'* 

his  in»n  bmlge,  357. 
Paim.ey  Canal,  41m. 
I'aLMi  Rs  mail-<^KM h*"*,  135. 
I'AUVELL,  Sir  II. ,  ao.1  Wrl%h  hkuU,  437. 
I'\sLEV.  family  of,  297,  3<»0,  3u8. 
l'vtiiiiKAi»  Bkiiigi;,  433. 
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SKl.F-r.iHTATioN  of  «irly  ongim.rrs — Sm*^- 
ton's,  H,  l.i;  l^'uni^s  12»i,  141  ;  IVlt^nlV, 
MU,  4M0. 

Sm.KiKK  ci>mnion  mrrier,  l«M». 

Siii,KUNF>s  IHm'KY\ui»,  242;  it5  re-(v>nKtnu'- 
tion  l»y  Ki'iiiiif,  24«;. 

SHKi,r-l'lMN«i,  (h'strij»tiou  of,  r»0. 

Snii'MN«;  (.f  th»'  Th;iin«'>,  l.'iti,  \\Kt. 

Siiui.wsiuuv, — (a-^tK  ;si»i,:i2'.«;  Shrewsbury 
hikI  ildlyhmd  r<>ail,  4.'i*> ;  aixl  I^»Uilnn,  441. 

Skiiin  iN«.,  AiiniiHAM»,  jxirtrait  iinint«»r,  m«^ 
HK.ir  of.  27H. 

Si.vvr.-THAUK  of  AFK»r<l«"«'n,  oiplit<vntii  <vn- 
tuiy,  4ol. 

Slihi-s,  in  «lniinap*  of  Lim-olii  hVas,  ir»i». 

Smi;vio\-,  .IdiiN, — birth  ami  wlucjition,  3; 
pljinil  in  a  solicitor's  otHtv,  10;  k'iirnj<  the 
tra.I.'  of  niathonvititnl  in»triiin«*ut  maker, 
1 1  ;  inakt's  ini|»rov«Mnrnts  in  nnvhanii*s,  12  ; 
n'/,ivrs  th«'  Hoyal  Suii'ty's  (JoM  Mo  la  1, 1 6. ; 
tour  in  Holland,  13;  t'lniiloywl  to  rebuihl 
tlw  l>MyNtnn«'  LijjhthouM',  2»» ;  bin  detiign, 
2*»:  viMt\  the  r««k,  M  ;  his  im*H,  33;  the 
works  l'«-;run,  34;  is  m-arly  shi|)wre(-keil, 
3,'» ;  his  <i>urap',  30  ;  (tmiplt-tiou  of  the 
biiiMin;:,  43 :  t'xtenHvely  einploytil  a«  a 
•  ivil  •Mi'^in«'«'r,  4lt ;  in  Ken  <haina^,  bl  ; 
rt|«iti-s  London  lirHltrf,  .'» 3 ;  his  pumping 
en!k:in»->,  .'»»; ;  builds  a  brid;n»  nt  I'rrth,  5(5 ; 
<^»i:-tru«  t.-N  Forth  ai»d  Clyde  Ouial,  fiT ; 
bridi^f  at  ('oll«'ti»':un,  .'»*.»;  improvements  at 
Canon  works,  »'»1  ;  bridp*  Jit  liant)',  •'>. ; 
H«'.\lum  ltriil>:»',  it^  lailuiv,  »12 ;  St.  Ives 
llirUdir,  •'3;  luun-^^rite  Harliour,  f).*j ;  Kyi»- 
niouth  Harl»oiir,  71;  his  nuitfilliery,  72; 
inipio\«s  tin*  st«'am-4-nj;ine,  73;  private  lite, 
luil-itN,  an<l  <  luirart.r,  74. 

SmoiikiCs  j..urnry  to  btndon.  Km). 

S>Mi  iisr.T  HoiSK, -it^  river  front,  179; 
Tiltonl  work"  a«»  a  m;i.v»n  at;  3n.». 

N»i  invMi'inv  Hauikmu,  l{4>nn;«'*s  n"p*»rt  on, 
21'». 

N.t  iin.V  and  T.h'onl,  127,  4M4.  4H1. 

Nti  iMw  \uK  Ikon  lW:ii«tr,,  ls7. 

>ri  V  .  I  n«  r,— an<  K-nt  bridvje  over,  103;  f]oi«ls, 
.'.•*••  :  CmiiT'llaihie  bri<lg»'  ov»t,  .3?<7. 

SiW'.Mi.   Ci'.iJ.K,  quaraiitin**   establishment 

.if.  2  ;*<. 

Si  vMifiin,  l-irl.  hJH  nuilmniml  ingenuity,  142. 
Si  I  \M -^:^«.IN^ , — Sm»*aton's  improv<>n>entA of, 

7  i;    W.itt's  fiiirirH-  applitil  to  driving  ma- 

« ii;i  >'.\,  r_".»,  1  i7  ;  us4il  in  navigation,  143  ; 

ii.fi..i'i...l  III  l:..y.d  navy.  2«i7. 
Ml  IN,  Mr..  KilUvu'"'.  "id.r^  th»'  tir-^t  thra*.!!- 

II  J  ti;  I'  inn* ,  I  I  J. 
"^M  I  III  \--iv,  Kniu.Ki,  ill-  ••*tinwit«'  *'(  Snj«^- 

!■■!..    *»'.. 
"^1  1  \  I  MI«M  >|     Mil  I     r.Klln.l.,    I.JI. 

"^i»sis^»s.    Mr..    i.Nid.-nt   ••ngin«vr    of    IWII 

l;..k  I.i_iitli..ii-.,  jj:.,  2J'.«,  232. 
>ili;i  IN'..  .Ill- i»nt  bndv:»'   it,  1«»3. 
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SrNDERLANi),  iron  bridge  over  the  Wear  at, 
358. 

Si'«i»KXi»Ki)  CKXTERiNO,  Teltord's  plan  c€^ 
445. 

Srsi'tN'sioN  nRtiKifx,  44«». 

SiTiiEHi.AND,  county  of,  in  eighttvntli  cen- 
tury, 379. 

SwEDKN,  King  of,  txmfers  knighthood  on  Tel- 
ford, 419. 

SzficiiEXYi,  Count,  his  interriew  with  Telford, 
47^. 


I  TEi,FX)Rn,  TiiOMAU,— hi»  native  district,  287 ; 
birthplmx  in  tlsktlale,  292;  his  boyhood, 
295 ;  s<hool  eilutntion,  29G  ;  apprenticed  to 
a  stone- matron,  298;  journeyman,  301; 
writes  poetry,  304;  mason  at  Kdinburgfa, 
305 ;  rides  to  London,  307  ;  mason  at  Sonier- 
set  Ilouiie,  3U8 ;  foreman  of  masonry  at 
Portsmouth,  312;  his  studies,  314;  prints 
letters  to  hut  mother,  315 ;  surveyor  to 
county  of  Salop,  310;  habits  and  studies, 
31K;  his  dutifulness  as  a  son,  325;  his 
|iuhtii^,  32() ;  apiiointed  engineer  of  EUes- 
mere  Canal,  3.34 ;  ct>nstniction  of  the  works, 
MO ;  re-visits  I-:Hkdale,  350;  tour  in  Wales, 
352 ;  his  poetry,  353 ;  buildis  an  iroo  bn&ge 
at  Uuildwas,  359  ;  propows  a  one-arch  iron 
bridge  over  the  Thames,  301 ;  erects  Bewd- 
ley  Britlgi',  306  ;  Tongueland  Bridge,  368 ; 
Highland  roads  and  bridges,  374;  Scotch 
harlwurs,  390;  Caledonian  Canal,  409; 
Ciotha  Canal,  419  ;  liam-astle  Tunnel,  420; 
constructs  roads  in  1-Ingland,  Svtland,  and 
Walex,  427  ;  bridge  over  Menai  Strait  and 
river  C«m way,  444 ;  St.  Katherine's  Docks, 
4(>2 ;  Tewkmbury  ami  <  Gloucester  bridges, 
,  4(;4;  U«m  Uri<lge,  Kdinburgh,  465;  Glas- 
gow Bridge,  400;  drainage  of  the  North 
Uvel  of  t)M>  Kens,  467  ;  Telford's  resideoce 
'  in  L^lon,  473 ;  President  of  Institute  <^ 
<*ivil  1-jigineers,  474;  decline  of  hoUth, 
479 ;  death,  48<> ;  character,  481. 

Telforp,  William,  Surg«»n,  29«),  320. 

Tkmi'I.e  Newham,  Iwmls  0 ;  Smmioo's 
pumping  engine  at,  72 ;  gates  of,  hung  by 
Smeatiin,  77. 

TeWKF»HI'RY  BRIUtE,  4«>4. 

Tiiamfji  Kiiiri'iNu,  130,  195. 

TiU-«»ry,  nppli«il  to  bridge  building,  170. 
'  TitoMsDN,  A. SHREW  ^Telfonl's  nMiiter),  ODMon, 
I^gb.lm,  29H,  .302. 

Thrashing  machink,  Meikle's  inventioo  of, 
ln9. 
'  Toi>MORr>EX,  iranal  workn  near,  14«». 

ToNiirELAxn  Briim«e,  36h. 

Torrav  Harihu'r,  207. 
I  Traiik,  -  of  I>tndon,  1.3*;,  195  ;  libu<tpm,2i^^, 
407. 
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